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Atmel 
Corporation 
makes 
no warranty 
for the use of its products, 
other than 
those 
expressly 
contained 
in the Company's 
standard 
warranty 
which 
is 
detailed 
in Atmel's 
Terms 
and Conditions 
located on the Company's 
web site. 


The Company 
assumes 
no responsibility 
for any errors which may appear 
in 
this document, 
reserves 
the right to change 
devices 
or specifications 
detailed 
herein 
at any time without 
notice, 
and does 
not make 
any commitment 
to 
update the information 
contained 
herein. No licenses 
to patents or other intel- 
lectual 
property 
of Atmel 
are granted 
by the Company 
in connection 
with the 
sale of Atmel 
products, 
expressly 
or by implication. 
Atmel's 
products 
are not 
authorized 
for use as critical components 
in life support 
devices 
or systems. 


If Atmel is an approved 
vendor on a Standard 
Microcircuit 
Drawing 
(SMD), the 
Atmel similar part number specification 
is compliant 
with the SMD. 


With the nonvolatile 
memories 
available 
from Atmel, you are given the ability to program 
devices late in a system's 
devel- 
opment cycle, or even after the system 
is complete. 
This feature 
gives you the flexibility 
for meeting changing 
market con- 
ditions. 
The principle 
products 
of nonvolatile 
memory 
are EPROMs 
(erasable 
programmable 
read-only 
memories), 


EEPROMs 
(electronically 
erasable 
programmable 
read-only 
memories) 
and Flash devices. 


DataFlash® 
The DataFlash 
product 
line represents 
one of the newest 
innovations 
in nonvolatile 
memory 
from Atme!. Arising 
out of a 
need for memory 
devices 
that fit between 
the requirements 
of serial-interface 
EEPROMs 
and standard 
Flash memories, 


Atmel began shipping 
DataFlash 
products 
in April 1997 and is already 
establishing 
market leadership. 
DataFlash 
products 
were designed 
to easily and efficiently 
handle large amounts 
of frequently 
changing 
data, ideally addressing 
the needs of 
digital voice storage, 
digital image storage, 
and text/data 
storage 
applications 
such as digital answering 
machines, 
cellular 
phones, fax machines, 
digital cameras 
and computer 
peripherals. 


To minimize 
cost, DataFlash 
products 
utilize Atmel's 
latest 
EPROM-based 
Flash technology 
for the core memory 
array 
combined 
with a simple, 
easy-to-use 
interface 
(most devices 
incorporate 
an SPI interface 
like that used on serial-interface 
EEPROMs). 
Other unique 
features 
of the DataFlash 
include 
an extremely 
small-sectored 
Flash memory 
array, 
on-chip 
SRAM buffers that allow true EEPROM 
emulation, 
built-in error detection 
logic, hardware-controlled 
write protection, 
and 
single-cycle 
programming 
that doesn't 
require a separate 
erase command. 
Available 
in both 5.0-volt only and 2.7-volt 
only 
versions, 
Atmel offers DataFlash 
in densities 
ranging from 1 megabit to 32 megabits. 


EPROMs 
Atmel 
is a leading 
supplier 
of high-speed 
and low-voltage 
EPROMs 
and is recognized 
as the second 
largest 
worldwide 
supplier. 
EPROMs, 
the lowest cost user-programmable 
nonvolatile 
memory, 
can be programmed 
electrically 
in a program- 
mer or its current system. 
These devices 
are used for program 
storage 
in computer 
and communications 
equipment, 
such 
as cellular 
phones, 
pagers, 
modems, 
and other computer 
peripherals. 
Atmel's 
EPROMs 
are manufactured 
in 2.7V, 3.0V, 


and 5.0V versions 
with capacities 
up to 8M bits and access times as fast as 45 ns. 


Price 
Per Bit 
- 
_ 
_ 
1K-1M Serial 
~ 
WI' 
., 
16K-4M Parallel 


., 
256K-32M 
1M-32M 


Fixed 
Programs 
In-system 
Modifiable 
Programs 


In-system 
Modifiable 
Data Storage 


Frequently 
Updated 
Programs 
and Data 
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Flash Memory 
Known as th~ major volume 
supplier 
of 2.7V read and write Flash memories, 
Atmelleads 
the industry 
as one of the top 
three Flash makers 
in the world. 
Flash memories 
combine 
the electrically 
erasable 
flexibility 
of EEPROMs 
with the higher 
density and lower cost-per-bit 
of EPROMs-representing 
the fastest growing 
product sector in the semiconductor 
industry. 


What distinguishes 
Atmel's 
Flash products from its competitors 
is its use of a single low-voltage 
power source, for write and 
read functions. 
Atmel's 
Flash devices are used primarily 
to store operating 
programs 
in telecommunications, 
graphics, 
net- 
working 
systems, 
and home video game systems. 
With Atmel's 
2.7V low-voltage 
devices, 
you can extend 
battery 
life or 
reduce the number 
of batteries 
necessary 
for portable 
systems 
such as cellular 
telephones, 
pagers, 
laptop and palmtop 
devices. 


Parallel EEPROMs 
Since 
1991 Atmel 
has been the world's 
largest 
supplier 
of these 
in-system, 
reprogrammable 
nonvolatile 
memories. 


EEPROMs' 
are distinguished 
as Parallel- 
or Serial-interface 
through 
their connection 
to the system's 
microcontroller 
or 


microprocessor. 
Atmel offers the industry's 
most complex 
full-featured 
Parallel EEPROM, 
the world's first single-chip 
4M bit 
monolithic 
EEPROM, 
which is used extensively 
in many military and commercial 
avionics 
applications. 
Atmel produces 
the 
industry's 
only complete 
line of standard-voltage 
and battery-voltage 
Parallel 
devices 
that serve 
the growing 
portable 
equipment 
market. 
Parallel 
EEPROM 
leadership; 
first to market 
with battery-voltage 
devices 
and first to market 
with the 
largest density devices. 


Serial EEPROMs 
Serial-interface 
EEPROMs 
are used in a broad spectrum 
of consumer, 
telecommunication 
and automotive 
products, 
prima- 
rily for recording 
and holding personal 
preference 
data, such as programmable 
radio stations, 
seat comfort 
controls, 
auto- 


dial in telephones 
and program 
memory 
in camcorders. 
Key to Atmel's 
success 
in Serials 
is its 1.8V low-voltage 
family. 
Atmel is the only manufacturer 
to offer all Serial devices available 
in today's 
market. 


Atmel Corporation 
designs, 
manufactures, 
and markets 
high-quality 
and high-perfor- 
mance 
CMOS 
memory, 
logic and analog 
integrated 
circuits. 
Founded 
in 1984, the 
Company 
serves the manufacturers 
of computation, 
communications 
and instrumen- 


tation equipment 
in commercial, 
industrial 
and military environments. 


Atmel's 
broad 
line of products 
provide 
customers 
with a variety 
of solutions 
to their 
memory 
and logic applications. 
Atmel 
offers 
high-density, 
high-speed 
memory 
and 
logic standard 
products 
as well as custom gate arrays. 


Atmel 
guarantees 
quality 
and reliability 
by fabricating 
all products-no 
matter 
what 
their intended 
application-to 
meet or exceed 
the specifications 
of Military 
Standard 
883. 


Whether 
you are new to programmable 
logic or an experienced 
user, Atmel is commit- 
ted to your success. 
If you have any questions 
or would like to place an order, please 
contact your local Atmel sales office as listed in the back of this data book, or contact 
Atmel's 
corporate 
headquarters: 


Atmel 
Corporation 
2325 
Orchard 
Parkway 
San 
Jose, 
CA 95131 
TEL: 
(408) 
441-0311 
FAX: 
(408) 
487-2600 


Fax-on-Demand 
North America: 
1-(800) 292-8635 


International: 
1-(408) 441-0732 


e-mail 
literature@atmel.com 


We thank you for considering 
Atmel semiconductors. 


Battery-Voltage and Rapid are trademarks of Atmel Corporation. 


Cache Logic and DataFlash are registered trademarks of Atmel 
Corporation. 


Web Site 
http://www.atmel.com 


BBS 
1-(408) 436-4309 


Section 1 
Product Selection Information 
Ordering 
Information 
(Part Number Description) 
1-3 


Section 2 
Serial EEPROMs 
AT24C01 


AT24C21 


AT34C02 


AT24C01A 


AT24C02 


AT24C04 


AT24C08 


AT24C16 


AT24C02A 


AT24C04A 


AT24C08A 


AT24C164 


AT24C32 


AT24C64 


AT24C128 


AT24C256 


AT24CS128 


128 x 8 


128 x 8 


256 x 8 


128 x 8 


256 x 8 


512 x 8 


1024 x 8 


2048 x 8 


256 x 8 


512 x 8 


1024 x 8 


2048 x 8 


4096 x 8 


8192 x 8 


16,384 x 8 


32,768 x 8 


16,384 x 8 


AT24C512 


AT93C46 


AT93C56 


AT93C57 


AT93C66 


AT93C46A 


AT93C46C 


AT59C11 


AT59C22 


AT59C13 


AT25010 


AT25020 


AT25040 


AT25080 


AT25160 


AT25320 


AT25640 


AT25128 


AT25256 


65,536 x 8 


128 x 8 or 64 x 16 


256 x 8 or 128 x 16 


256 x 8 or 128 x 16 


512x8or256x16 


64 x 16 


64 x 16 


128 x 8 or 64 x 16 


256 x 8 or 128 x 16 


512 x 8 or 256 x 16 


128 x 8 


256 x 8 


512x8 


1024 x 8 


2048 x 8 


4096 x 8 


8192 x 8 


16,384 x 8 


32,768 x 8 
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2-Wire, 
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2-37 
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2-Wire, 8K-bit Serial EEPROM 
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2-Wire, 32K-bit 
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2-Wire, 64K·bit 
Serial EEPROM 
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2-Wire, 
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2-Wire, 256K-bit 
Serial EEPROM 
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2-Wire, 
128K-bit 
Serial EEPROM 


with Permanent 
Software Write Protec!.. 
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1K·bit Serial EEPROM 
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AT25HP256 


AT25HP512 


AT25P1024 


32,768 x 8 


65,536 x 8 


131,072x8 


SPI, 256K-bit 
Serial EEPROM 
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Notes 
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Battery-Voltage™ 
• 2.7V • 3.6V Operation 
AT28BV16 
2K x 8 


AT28BV256 
32K x 8 


AT28BV64 
8K x 8 


AT28BV64B 
8K x 8 


16K-bit, 2.7-volt 
EEPROM 
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256K-bit, 
2.7-volt 
EEPROM 
3-11 


64K-bit, 
2.7-volt 
EEPROM 
3-21 


64K-bit, 
2.7-volt 
EEPROM 
with 
Software 
Data Protection 
3-29 


Low-Voltage· 
3.QV - 3.6V Operation 
AT28LV010 
128K x 8 


Standard 
Voltage· 
5V Operation 
AT28C16 
2K x 8 


AT28C16- T 
2K x 8 


AT28C17 
2K x 8 


AT28C64/X 
8K x 8 


AT28C64B 
8K x 8 


AT28C256 
32K x 8 


AT28C010 
Com/lnd 
128K x 8 


AT28C010 
Mil 
128K x 8 


AT28C040 
512K x 8 


AT28HC64B 
8K x 8 


AT28HC256 
32K x 8 


16K-bit, 5-volt EEPROM 
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16K-bit, 5-volt PCMCIA 
Nonvolatile 
Attribute 
Memory 
3-59 


16K-bit, 5-volt EEPROM 
3-67 


64K-bit, 
5-volt EEPROM 
without 
Ready/Busy 
3-77 


64K-bit, 
5-volt EEPROM 
with 
Software 
Data Protection 
3-87 


256K-bit, 
5-volt EEPROM 
3-99 


1M-bit, 5-volt EEPROM 
with 128-Byte 
Page, 
Commercial 
and Industrial 
3-115 


1M-bit, 5-volt EEPROM 
with 128-Byte 
Page, 


Military 
3-127 


4M-bit, 5-volt EEPROM 
with 512-Byte 
Page 
3-139 


High Speed, 64K-bit, 
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Data Protection 
3-149 


High Speed, 256K-bit, 
5-volt EEPROM 
3-161 
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3-179 


Programmers 
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Atmel Memory 
Products 
3-181 


DataFlashGt 


Battery-Voltage™. 
2.7V - 3.6V Operation 


AT45DB011 
128K x 8 


AT45DB021 
256K x 8 


AT45DB041 
512K x 8 


AT45DB080 
1024K x 8 


AT45DB081 


AT45DB161 


AT45DB321 


1024K x 8 


2048K x 8 


4096K x 8 


1M-bit, 2.7-volt Only Serial Interface 
Flash 
4-3 


2M-bit, 2.7-volt Only Serial Interface 
Flash 
.4-21 


4M-bit, 2.7-volt Only Serial Interface 
Flash 
4-39 


8M-bit, 2.7-volt Only Sequential 
Access, 


Parallel 1/0 Flash 
4-57 


8M-bit, 2.7-volt Only Serial Interface 
Flash 
4-75 


16M-bit, 
2.7-volt Only Serial Interface 
Flash 
4-93 


32M-bit, 
2.7-volt Only Serial Interface 
Flash 
4-113 


Standard 
Voltage' 
5V Operation 


AT45D011 
128Kx8 


AT45D021 
256K x 8 


AT45D041 
512K x 8 


AT45D081 
1024K x 8 


AT45D161 
2048K x 8 


DataFlash 
Application 
Note 


Serial DataFlash 


1M-bit, 5-volt Only Serial Interface 
Flash 
4-133 


2M-bit, 5-volt Only Serial Interface 
Flash 
4-153 


4M-bit, 5-volt Only Serial Interface 
Flash 
4-171 


8M-bit, 5-volt Only Serial Interface 
Flash 
4-189 


16M-bit, 5-volt Only Serial Interface 
Flash 
4-207 
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5-29 


AT17C010 
524,288 x 11M-bit 
FPGA Configuration 
EEPROM 
Memory 
5-29 


AT17LV010 
524,288 x 11M-bit 
FPGA Configuration 
EEPROM 
Memory 
5-29 


AT17C/LV/512A1010A 
1M-bit FPGA Serial Configuration 
Memories 
5-39 
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Section 
1 
Product Selection 
Information 
Ordering 
Information 
(Part Number 
Description) 
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__________________ 
Ordering 


Explanation of Atmel's Part Number Code 
1 


All Atmel part numbers begin with the prefix "AT". The next 
for each part are listed at the back of its data sheet in its 


four to nine digits are the part number. 
In addition, 
Atmel 
"Ordering Information" table. These options are designated 


parts can be ordered in particular speeds, in specific pack- 
by the following suffixes placed at the end of the Atmel part 


ages, for particular temperature 
ranges and with the option 
number, in the order given: 
of 883C level B military compliance. 
The available options 


&.e.fix 
AT 
~- 
XXXXX 
Syffix 
X X X X 


I 
Processing 
Blank = 
Standard 


/883 
= 
MIL-STD-883, 
Class B Fully Compliant 
B 
= 
MIL-STD-883, Class B Non-Compliant 


Temperature 
Range 
C 
Com Temp (O°C to 70°C) 
I 
Ind Temp (-40°C to 85°C) 
M = 
Mil Temp (-55°C to 125°C) 


Package 
A 
TQFP 
B 
Ceramic Side Braze Duallnline 
C 
CBGA 
D 
Cerdip 
F 
Flatpack 
G 
Cerdip, One Time Programmable 
J 
Plastic J-Lead Chip Carrier 
K 
Ceramic J-Lead Chip Carrier 
L 
Leadless Chip Carrier 
M 
MSOP 
N 
Leadless Chip Carrier, One Time Programmable 
P 
Plastic DIP 
Q 
Plastic Quad Flatpack 
R 
SOIC 
S 
SOIC 
T 
TSOP (TSSOP for Serial EEPROM) 
U 
IJBGA 
V 
VSOP (Small TSOP) 
W = 
Die 
X 
TSSOP 
Y 
Cerpack 
Z 
Ceramic Multi-Chip Module 


Here is an example Atmel part number: 


Atmel 
Part 
Option 
Package 
Temperature 
Number 
Designator 
Speed 
Type 
Range 
Processing 


~~ 
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• 
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Information 
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Section 
2 
Serial EEPROMs 


AT24C01 


AT24C21 


AT34C02 


AT24C01A 


AT24C02 


AT24C04 


AT24C08 


AT24C16 


AT24C02A 


AT24C04A 


AT24C08A 


AT24C164 


AT24C32 


AT24C64 


AT24C128 


AT24C256 


AT24CS128 


AT24C512 


AT93C46 


AT93C56 


AT93C57 


AT93C66 


AT93C46A 


AT93C46C 


AT59C11 


AT59C22 


AT59C13 


AT25010 


AT25020 


AT25040 


AT25080 


AT25160 


AT25320 


AT25640 


AT25128 


AT25256 


AT25HP256 


AT25HP512 


AT25P1024 


128 x 8 


128 x 8 


256 x 8 


128 x 8 


256 x 8 


512 x 8 


1024 x 8 


2048 x 8 


256 x 8 


512 x 8 


1024 x 8 


2048 x 8 


4096 x 8 


8192 x 8 


16,384 x 8 


32,768 x 8 


16,384 x 8 


65,536 x 8 


128 x 8 or 64 x 16 


256 x 8 or 128 x 16 


256 x 8 or 128 x 16 


512 x 8 or 256 x 16 


64x16 


64x16 


128 x 8 or 64 x 16 


256 x 8 or 128 x 16 


512 x 8 or 256 x 16 


128 x 8 


256 x 8 


512 x 8 


1024 x 8 


2048 x 8 


4096 x 8 


8192 x 8 


16,384x8 


32,768 x 8 


32,768 x 8 


65,536 x 8 


131,072 x 8 
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2-Wire, 
1K-bit Serial EEPROM 
2-3 
• 


2-Wire, 
1K-bit Serial EEPROM 
2-13 


2-Wire, 2K-bit Serial EEPROM 
2-25 


2-Wire, 
1K-bit Serial EEPROM 
2-37 


2-Wire, 2K-bit Serial EEPROM 
2-37 


2-Wire, 4K-bit Serial EEPROM 
2-37 


2-Wire, 8K-bit Serial EEPROM 
2-37 


2-Wire, 16K-bit Serial EEPROM 
2-37 


2-Wire, 2K-bit Serial EEPROM 
2-57 


2-Wire, 4K-bit Serial EEPROM 
2-57 


2-Wire, 8K-bit Serial EEPROM 
2-57 


2-Wire, 
16K-bit Serial EEPROM 
2-69 


2-Wire, 32K-bit 
Serial EEPROM 
2-79 


2-Wire, 64K-bit 
Serial EEPROM 
2-79 


2-Wire, 
128K-bit 
Serial EEPROM 
2-93 


2-Wire, 256K-bit 
Serial EEPROM 
2-93 


2-Wire, 
128K-bit 
Serial EEPROM 
with Permanent 
Software Write Protect.. 
2-107 


2-Wire, 256K-bit 
Serial EEPROM 
with Permanent 
Software Write Protect.. 
2-107 


2-Wire, 512K-bit 
Serial EEPROM 
2-119 


3-Wire, 
1K-bit Serial EEPROM 
2-121 


3-Wire, 2K-bit Serial EEPROM 
2-121 


3-Wire, 2K-bit Serial EEPROM 
2-121 


3-Wire, 4K-bit Serial EEPROM 
2-121 


3-Wire, 
1K-bit Serial EEPROM 
2-135 


3-Wire, 1K-bit Serial EEPROM 
2-145 


4-Wire, 
1K-bit Serial EEPROM 
2-155 


4-Wire, 2K-bit Serial EEPROM 
2-155 


4-Wire, 4K-bit Serial EEPROM 
2-155 


SPI,1K-bit 
Serial EEPROM 
2-167 


SPI, 2K-bit Serial EEPROM 
2-167 


SPI, 4K-bit Serial EEPROM 
2-167 


SPI, 8K-bit Serial EEPROM 
2-181 


SPI, 16K-bit Serial EEPROM 
2-181 


SPI, 32K-bit 
Serial EEPROM 
2-181 


SPI, 64K-bit 
Serial EEPROM 
2-181 


SPI, 128K-bit 
Serial EEPROM 
2-197 


SPI, 256K-bit 
Serial EEPROM 
2-197 


SPI, 256K-bit 
Serial EEPROM 
2-213 


SPI, 512K-bit 
Serial EEPROM 
2-213 


SPI, 1M-bit Serial EEPROM 
2-215 


AlmEL 


EEPROM 
Application 
Notes 


Interlacing 
AT24CXX Serial EEPROMs 
with AT89CX051 
Microcontrollers 
2-227 


Interlacing 
AT93CXX Serial EEPROMs 
with AT89CX051 
Microcontrollers 
2-229 


Interlacing 
AT25XXX Serial EEPROMs 
with AT89CXX 
Microcontrollers 
2-231 


Features 


• Low Voltage and Standard Voltage Operation 
- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 
- 1.8 (Vcc = 1.8V to 5.5V) 
• Internally Organized 128 x 8 
• 2-Wire Serial Interface 
• Bidirectional 
Data Transfer Protocol 
• 100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
• 4-Byte Page Write Mode 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 
- Data Retention: 
100 Years 
- ESD Protection: 
>3000V 
• Automotive 
Grade and Extended Temperature Devices Available 
• 8-Pin PDIP, 8-Pin MSOP, 8-Pin TSSOP and 8-Pin JEDEC SOIC Packages 


Description 


The AT24C01 
provides 
1024 bits of serial 
electrically 
erasable 
and programmable 
read only memory 
(EEPROM) 
organized 
as 128 words 
of 8 bits each. The device 
is 
optimized 
for use in many industrial 
and commercial 
applications 
where 
low power 
and low voltage 
operation 
are essential. 
The AT24C01 
is available 
in space saving 
8-pin 
POIP, 8-pin 
MSOP, 
8-pin TSSOP, 
and 8-pin JEOEC 
SOIC 
packages 
and is 
accessed 
via a 2-wire serial interface. 
In addition, 
the entire family is available 
in 5.0V 
(4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V (2.5V to 5.5V) and 1.8V (1.8V to 5.5V) ver- 
sions. 


8-Pin MSOP 
8-Pin TSSOP 


NC 
~O 
a 
VCC 
NC 
7 
TEST 
NC 
3 
6 
SCL 
GND 
4 
5 
SDA 


PIn Name 
Function 


NC 
No Connect 


SDA 
Serial Data 


SCL 
Serial Clock Input 


TEST 
Test Input (GND or VCC) 


NcOa 
VCC 
NC 
2 
7 
TEST 
NC 
3 
6 
SCL 
GND 
4 
5 
SDA 


NC 
NC 
NC 
GND 


VCC 
TEST 
SCL 
SDA 
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AlmEL 
______ 
Irl@• 
2-Wire Serial 


EEPROM 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0V to +7.0V 


Block Diagram 


vcc_ 
GND_ 


SCL 


SDA 


START 
STOP 
LOGIC 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 


edge clock 
data into each 
EEPROM 
device 
and negative 


edge clock data out of each device. 


SERIAL 
DATA (SDA): 
The 
SDA 
pin is bidirectional 
for 


serial data transfer. 
This pin is open-drain 
driven and may 
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"NOTICE: 
Stresses 
beyond 
those 
listed 
nder "Absolute 
Maximum 
Ratings" 
may caUSI permanent 
dam- 


age to the device. 
This is a str 
ss rating only and 


functional 
operation 
of the del 
ce at these or any 
other 
conditions 
beyond 
thOSE indicated 
in the 
operational 
sections 
of this sp lcification 
is not 


implied. 
Exposure 
to absolute 
"Tlaximum rating 


conditions 
for extended 
perioc ; may affect 
device 
reliability. 


SERIAL 
CONTROL 


LOGIC 


DOUT/ACK 
LOGIC 


be wire-ORed 
with any number of other ( oen-drain or open 


collector 
devices. 


Memory Organization 


AT24C01, 
1K SERIAL 
EEPROM: 
Intern; lIy organized 
with 


128 pages 
of 1 byte each. 
The 
1K req Jires a 7-bit 
data 


word address for random word addressir 
J. 


Pin Capacitance 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
Condition 


Cvo 
InpuVOutput Capacitance (SDA) 
8 
pF 
Vvo = OV 


C1N 
Input Capacitance (AO,A1, A2, SCL) 
6 
pF 
V1N= OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C, 
Vcc = +1.8V to +5.5V, 
TAC = O°C to +70°C, 


Vcc = +1.8V to +5.5V (unless otherwise 
noted). 
• 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply Voltage 
1.8 
5.5 
V 


VCC2 
Supply Voltage 
2.5 
5.5 
V 


VCC3 
Supply Voltage 
2.7 
5.5 
V 


VCC4 
Supply Voltage 
4.5 
5.5 
V 


Icc 
Supply Current Vcc = 5.0V 
READ at 100kHz 
0.4 
1.0 
mA 


Icc 
Supply Current Vcc = 5.0V 
WRITE at 100 kHz 
2.0 
3.0 
mA 


ISB1 
Standby Current Vcc = 1.8V 
V1N = Vcc or Vss 
0.6 
3.0 
J.1A 


ISB2 
Standby Current Vcc = 2.5V 
V1N = Vcc or Vss 
1.4 
4.0 
J.1A 


ISB3 
Standby Current Vcc= 2.7V 
V1N = Vcc or Vss 
1.6 
4.0 
lJ.A 


ISB4 
Standby Current Vcc = 5.0V 
V1N = Vcc or Vss 
8.0 
18.0 
lJ.A 


III 
Input Leakage Current 
V1N = Vcc or Vss 
0.10 
3.0 
lJ.A 


ILO 
Output Leakage Current 
VOUT = Vcc or Vss 
0.05 
3.0 
J.1A 


V1L 
Input Low Level(l) 
-0.6 
VccxO.3 
V 


V1H 
Input High Level(l) 
Vcc x 0.7 
Vcc+ 0.5 
V 


VOL2 
Output Low Level Vcc = 3.0V 
IOL = 2.1 mA 
0.4 
V 


VOL1 
Output Low Level Vcc = 1.8V 
IOL = 0.15 mA 
0.2 
V 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, 
Vcc = +1.8V to +5.5V, 
CL 
= 1 TTL Gate and 
100 pF (unless otherwise 
noted). 


2.7-,2.5-, 1.8-volt 
5.D-vo 


Symbol 
Parameter 
Min 
Max 
Min 


fSCL 
Clock Frequency, SCL 
100 


tLow 
Clock Pulse Width Low 
4.7 
1.2 


tHIGH 
Clock Pulse Width High 
4.0 
0.6 


tl 
Noise Suppression Time(1) 
100 


tAA 
Clock Low to Data Out Valid 
0.1 
4.5 
0.1 


tBUF 
Time the bus must be free before a new 
4.7 
1.2 
transmission can start(l) 


tHO.STA 
Start Hold Time 
4.0 
0.6 


tSU.STA 
Start Set-up Time 
4.7 
0.6 


tHO.OAT 
Data In Hold Time 
0 
0 


tSU.OAT 
Data In Set-up Time 
200 
100 


tR 
Inputs Rise Time(1) 
1.0 


tF 
Inputs Fall Time(1) 
300 


tSU.STO 
Stop Set-up Time 
4.7 
0.6 


tOH 
Data Out Hold Time 
100 
50 


tWR 
Write Cycle Time 
10 


Endurance(1) 
5.0V, 25°C, Page Mode 
1M 
1M 


Device Operation 


CLOCK 
and DATA TRANSITIONS: 
The SDA pin is nor- 


mally pulled high with an external 
device. 
Data on the SDA 


pin may change 
only during SCL low time periods 
(refer to 


Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 


high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 


defined below. 


START 
CONDITION: 
A high-to-Iow 
transition 
of SDA with 


SCL high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 


SCL high is a stop condition 
which terminates 
all communi- 


cations. 
After 
a read 
sequence, 
the stop 
command 
will 
place the EEPROM 
in a standby 
power mode (refer to Start 


and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 


ally transmitted 
to and from the EEPROM 
in 8-bit words. 


Any device 
on the system 
bus receiving 
data (when com- 


t- 
Max 
Units 


400 
kHz 


lis 


lis 


50 
ns 


0.9 
liS 


lis 


liS 


lis 


lis 


ns 


0.3 
lis 


300 
ns 


lis 


ns 


10 
ms 


Write 
Cycles 


municating 
with the EEPROM) 
must pu 
the SDA bus low 


to acknowledge 
that 
it has successfu 
ly received 
each 


word. This must happen 
during the nint I clock cycle after 


each word received 
and after all other sy item devices have 


freed 
the SDA bus. The EEPROM 
will 
ikewise 
acknowl- 


edge by pulling 
SDA low after receivin\ 
each address 
or 


data word (refer to Acknowledge 
Respo Ise from Receiver 


timing diagram). 


STANDBY 
MODE: 
The AT24C01 
feal. Jres a low power 


standby 
mode which is enabled: 
(a) UpOI power-up 
and (b) 


after the receipt of the STOP bit and the completion 
of any 


internal operations. 


MEMORY 
RESET: 
After an interruption 
n protocol, 
power 


loss or system reset, any 2-wire part can )e reset by follow- 
ing these steps: 


(a) Clock up to 9 cycles, (b) look for SDA high in each cycle 
while 
SCL is high and then (c) create 
a start condition 
as 


SDA is high. 


Bus Timing 
SCL: Serial Clock, SDA: Serial Data 110 


Write Cycle Timing 
SCl: 
Serial Clock, SDA: Serial Data I/O 


STOP 
CONDITION 
START 
CONDITION 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal clear/write 
cycle. 
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DATA STABLE 
DATA STABLE 


P 
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Write Operations 


BYTE WRITE: 
Following 
a start condition, 
a write operation 


requires a 7-bit data word address and a low write bit. Upon 
receipt 
of this address, 
the EEPROM 
will again 
respond 
with a zero and then clock in the first 8-bit data word. 
Fol- 


lowing receipt of the 8-bit data word, the EEPROM 
will out- 
put 
a zero 
and 
the 
addressing 
device, 
such 
as 
a 
microcontroller, 
must terminate 
the write sequence 
with a 


stop condition. 
At this time the EEPROM 
enters 
an inter- 
nally-timed 
write cycle to the nonvolatile 
memory. 
All inputs 


are disabled 
during this write cycle, 
tWR' 
and the EEPROM 


will 
not 
respond 
until 
the 
write 
is complete 
(refer 
to 
Figure 1). 


PAGE WRITE: 
The AT24C01 
is capable 
of a 4-byte 
page 


write. 


A page write 
is initiated 
the same 
as a byte write 
but the 
microcontroller 
does not send a stop condition 
after the first 
data 
word 
is clocked 
in. Instead, 
after 
the 
EEPROM 
acknowledges 
receipt 
of the first data word, the microcon- 
troller 
can transmit 
up to three 
more 
data 
words. 
The 
EEPROM 
will 
respond 
with a zero after 
each data word 
received. 
The 
microcontroller 
must terminate 
the page 


write sequence 
with a stop condition 
(refer to Figure 2). 


The data word 
address 
lower 
2 bits are internally 
incre- 


mented following 
the receipt of each data word. The higher 
five data word address 
bits are not incremented, 
retaining 


the memory 
page row location. 
When 
the word 
address, 
internally 
generated, 
reaches 
the page boundary, 
the fol- 


lowing byte is placed at the beginning 
of the same page. If 


more than four data words are transmitted 
to the EEPROM, 


the data word address will "roll over" and previous 
data will 
be overwritten. 


ACKNOWLEDGE 
POLLING: 
Once 
the internally-timed 


write 
cycle 
has started 
and the EEPROM 
inputs 
are dis- 
abled, acknowledge 
polling 
can be initiated. 
This involves 
sending 
a start condition 
followed 
by the device 
address 


word. The read/write 
bit is representative 
of the operation 
desired. 
Only if the internal 
write cycle has completed 
will 


the EEPROM 
respond 
with 
a zero 
allowing 
the read or 


write sequence 
to continue. 


Figure 
1. Byte Write 


Read Operations 


Read operations 
are initiated the same way as write opera- 


tions with the exception 
that the read/write 
select bit in the 


device 
address 
word 
is set to one. 
There 
are two 
read 
operations: 
byte read and sequential 
read. 


BYTE 
READ: 
A byte read is initiated 
with a start condition 
2 


followed 
by a 7-bit data word address 
and a high read bit. 


The AT24C01 
will respond 
with an acknowledge 
and then 


serially 
output 
8 data bits. The microcontroller 
does 
not 


respond 
with a zero but does 
generate 
a following 
stop 


condition 
(refer to Figure 3). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are initiated 
the 
same as a byte read. After the microcontroller 
receives 
an 


8-bit data word, it responds 
with an acknowledge. 
As long 


as the EEPROM 
receives 
an acknowledge, 
it will continue 


to increment 
the data word address 
and serially 
clock out 


sequential 
data words. 
When the memory 
address 
limit is 


reached, 
the data 
word 
address 
will 
"roll over" 
and the 


sequential 
read will continue. 
The sequential 
read opera- 


tion 
is terminated 
when 
the 
microcontroller 
does 
not 


respond 
with an input zero but does generate 
a following 


stop condition 
(refer to Figure 4). 
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S 


A 
A 
A 
T 


C 
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K 
K 
~~ 
P 


SDA LINE 
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R A 
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DATA n ; x 
N 
Ie 
0 


WK 


tWR (max) 
Icc (max) 
IS8 (max) 
'MAX 
(ms) 
(IIA) 
(IIA) 
(kHz) 
Ordering Code 
Package 
Operation Range 


10 
3000 
18 
400 
AT24C01-l0PC 
8P3 
Commercial 


AT24C01-l0SC 
8S1 
(O°Cto 70°C) 


AT24C01-l0MC 
8M 


AT24C01-l0TC 
8T 


3000 
18 
400 
AT24C01-l0PI 
8P3 
Industrial 


AT24C01-l0SI 
8S1 
(-40°C to 85°C) 


AT24C01-l0MI 
8M 


AT24C01-l0TI 
8T 


10 
1500 
4 
100 
AT24C01-l0PC-2.7 
8P3 
Commercial 


AT24C01-l0SC-2.7 
8S1 
(O°Cto 70°C) 


AT24C01-l0MC-2.7 
8M 


AT24C01-l OTC-2.7 
8T 


1500 
4 
100 
AT24C01-l OPI-2.7 
8P3 
Industrial 


AT24C01-l0SI-2.7 
8S1 
(-40°C to 85°C) 


AT24C01-l0MI-2.7 
8M 


AT24C01-l OTI-2.7 
8T 


10 
1000 
4 
100 
AT24C01-l0PC-2.5 
8P3 
Commercial 


AT24C01-l0SC-2.5 
8S1 
(O°Cto 70°C) 


AT24C01-l0MC-2.5 
8M 


AT24C01-l0TC-2.5 
8T 


1000 
4 
100 
AT24C01-l0PI-2.5 
8P3 
Industrial 
AT24C01-l0SI-2.5 
8S1 
(-40°C to 85°C) 


AT24C01-l0MI-2.5 
8M 
AT24C01-l0TI-2.5 
8T 


10 
800 
3 
100 
AT24C01-l0PC-l.8 
8P3 
Commercial 


AT24C01-l0SC-l.8 
8S1 
(O°Cto 70°C) 


AT24C01-l0MC-l.8 
8M 
AT24C01-l0TC-l.8 
8T 


800 
3 
100 
AT24C01-l0PI-l.8 
8P3 
Industrial 
AT24C01-l0SI-l.8 
8S1 
(-40°C to 85°C) 


AT24C01-l0MI-l.8 
8M 
AT24C01-l OTI-l .8 
8T 


• 


Package Type 
I 


8M 
8-Lead, 0.118" Wide, Miniature Small Outline Package (MSOP) 
1 


8P3 
8-Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 


851 
8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC) 


8T 
8-Lead, 0.170" Wide, Thin Shrink Small Outline Package (TSSOP) 


Options 


Blank 
Standard Operation (4.5V to 5.5V) 


-2.7 
Low-Voltage (2.7V to 5.5V) 


-2.~ 
~OW-Voltage (2.5V to 5.5V) 


-1.8 
Low-Voltage (1.8V to 5.5V) 
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• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs For Noise Suppression 
• DDCl'M/ DDC2™ Interface Compliant for Monitor Identification 
• Low Voltage Operation 
- 2.5 (Vcc = 2.5V to 5.5V) 
• Internally Organized 128 x 8 
• 100 kHz (2.5V) Compatibility 
• 8-Byte Page Write Mode 
• Write Protection 
Available 
• Self-timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 
- Data Retention: 
100 Years 
- ESD Protection: 
>3000V 
• 8-Pin PDIP and JEDEC SOIC Packages 


Description 


The AT24C21 
provides 
1024 bits of serial 
electrically 
erasable 
and programmable 


read only memory 
(EEPROM) 
organized 
as 128 words of 8 bits each. The device 
is 


optimized 
for use in applications 
requiring data storage and serial transmission 
of con- 
figuration 
and control 
information. 
The AT24C21 
features 
two modes 
of operation: 
Transmit-only 
Mode and Bidirectional 
Mode. Upon power-up, 
the AT24C21 
will be in 


the Transmit-only 
Mode, sending 
a serial-bit 
stream 
of the entire memory 
contents, 
clocked 
via the VCLK 
pin. The Bidirectional 
Mode is selected 
by a valid high-to-Iow 


transition 
on the SCL pin and offers byte selectable 
read/write 
capability 
of the entire 


memory array. The AT24C21 
is available 
in space saving 8-pin PDIP and 8-pin SOIC 


packages. 


Pin Name 
Function 


NC 
No Connect 


SDA 
Serial Data 


SCL 
Serial Clock Input 
(Bidirectional Mode) 


VCLK 
Serial Clock Input 
(Transmit-only Mode) 


8-Pin PDIP 
8-PinSOIC 


NeOvee 


NC 
1 
8 
VCC 


NC 
2 
7 
VCLK 
NC 
2 
7 
TEST 


NC 
3 
6 
SCL 
NC 
3 
6 
SCL 


GNE 
4 
5 
SDA 
GND 
4 
5 
SDA 
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2-Wire Serial 
EEPROM 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0V to +7.0V 


Block Diagram 
vcc __ 


GND 
__ 


VClK 


SCl 


SDA 


START 
STOP 
lOGIC 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 
edge clock data into each EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA (SDA): 
The 
SDA 
pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven 
and may 
be wire-ORed 
with any number of other open drain or open 
collector 
devices. 
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'NOTICE: 
Stresses 
beyond 
those 
listed 
Inder "Absolute 
Maximum 
Ratings' 
may caUSl 
permanent 
dam- 
age to the device. 
This is a str tSS rating only and 
functional 
operation 
of the del 
ce at these or any 
other conditions 
beyond 
thOSE indicated 
in the 
operational 
sections 
of this s~ lcification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
perioe 
; may affect device 
reliability. 


SERIAL 
CONTROL 
lOGIC 


DOUT/ACK 
lOGIC 


SERIAL 
CLOCK (VCLK): 
Upon power- 
Ip, the device 
is in 
the Transmit-only 
mode and will transmit the entire memory 
contents 
via the SDA pin with positive si lnals on the VCLK 
pin. 


Memory Organization 


AT24C21, 
lK SERIAL 
EEPROM: 
Interr illy organized 
with 
128 pages of one byte each. The 1K re ~uires a 7-bit data 
word address for random word addressi 
Ig. 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C, 
TAC= O°C to +70°C, 
Vcc = +2.[ V to +5.5V 
(unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


Vcc 
Supply Voltage 
2.5 
5.5 


Icc 
Supply Current Vcc = 5.0V 
READ at 100 kHz 
0.4 
1.0 


Icc 
Supply Current Vcc = 5.QV 
WRITE at 100 kHz 
2.0 
3.0 


'SB 
Standby Current 
Vcc = 2.5V 
V1N= Vcc or Vss 
3.0 
4.0 
Vcc= 5.0V 
V1N= Vcc or Vss 
12.0 
30.0 


III 
Input Leakage Current 
V1N= Vcc or Vss 
0.10 
1.0 


'LO 
Output Leakage Current 
VOUT= Vcc or Vss 
0.05 
1.0 


V1L 
Input Low Levell') SCL, SDA Pin 
-0.6 
Vcc xO.3 


Input Low Level VCLK Pin 
Vcc '22.7V 
0.8 


Vcc < 2.7V 
0.2 xVcc 


VIH 
Input High Levell') SCL, SDA Pin 
Vcc x 0.7 
Vcc+ 0.5 


Input High Level VCLK Pin 
2.0 


VOL 
Output Low Level Vcc = 3.0V 
IOL = 2.1 mA 
0.40 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
( 


Cuo 
InpuVOutput Capacitance (SDA) 
8 
pF 


CIN 
Input Capacitance (Ao,A" A2• SCL, VCLK) 
6 
pF 


2.5-volt 


Symbol 
Parameter 
Min 
Max 


TVAA 
Output Valid from VCLK 
500 


TVHIGH 
VCLK High-time 
4.0 


TVLOW 
VCLK Low-time 
4.7 


TvHZ 
Mode Transition Time 
500 


Tvpu 
Transmit-only Power-up Time 
0 
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Units 


V • 


mA 


mA 


IlA 
IlA 


IlA 


IlA 


V 
V 
V 


V 
V 


V 


ondltlons 


Vuo = OV 


VIN= OV 
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AC Characteristics 


Applicable 
over 
recommended 
operating 
range 
from 
TA = -40°C 
to +85°C, 
Vcc 
= +2.5V 
to 
+5.5V 
Cl 
= 1 TTL 
Gate 
and 


100 
pF (unless 
otherwise 
noted). 


2.5-volt 


Symbol 
Parameter 
Min 
Max 
Units 


fscl 
Clock 
Frequency, 
SCl 
0 
100 
kHz 


tLOW 
Clock 
Pulse Width 
low 
4.7 
IJS 


tHIGH 
Clock 
Pulse Width 
High 
4.0 
IJs 


tl 
Noise 
Suppression 
Time(1) 
NA 
ns 


(SDA and SCl 
pins) 


tM 
Clock 
low 
to Data Out Valid 
0.1 
3.5 
IJS 


tauF 
Time the bus must be free before 
a new transmission 
can 
4.7 
IJs 
start 


tHO.STA 
Start 
Hold Time 
4.0 
IJS 


tSU.STA 
Start 
Set-up 
Time 
4.7 
IJS 


tHO.OAT 
Data In Hold Time 
0 
IJs 


tSU.OAT 
Data In Set-up 
Time 
250 
ns 


tR 
Inputs 
Rise Time(') 
1.0 
IJs 


tF 
Inputs 
Fall Time(') 
300 
ns 


tSU.STO 
Stop Set-up 
Time 
4.0 
IJS 


tOH 
Data Out Hold Time 
100 
ns 


tWR 
Write 
Cycle Time 
10 
ms 


Endurance(') 
5.0V, 25°C, 
Page Mode 
1M 
Write 
Cycles 


Functional 
Description 


The AT24C21 
has two modes 
of operation: 
the Transmit- 
only Mode and the Bidirectional 
Mode. There is a separate 
2-wire protocol to support 
each mode, each having a sepa- 
rate clock input (SCl 
and VClK) 
and both modes sharing a 
common 
Bidirectional 
data 
line 
(SDA). 
The 
AT24C21 
enters 
the Transmit-only 
Mode 
upon 
powering 
up the 
device. 
In this mode, the device transmits 
data on the SDA 
pin upon a clock 
signal 
on the VClK 
pin. The device 
will 
remain 
in the Transmit-only 
Mode until a valid high-to-Iow 
transition 
takes 
place 
on the 
SCl 
pin. The 
device 
will 
switch 
into the Bidirectional 
Mode when 
a valid transition 
on the SCl 
pin is recognized. 
Once the device 
has transi- 
tioned to the Bidirectional 
Mode, there is no way to return to 
the Transmit-only 
Mode, except to power down (reset) the 
device. 


Transmit-only Mode (DDC1) 
The AT24C21 
will power up in the Transmit-only 
Mode. 
In 
this mode, the device will output one bit of data on the SDA 
pin on each rising edge on the VClK 
pin. Data is transmit- 
ted in 8 bit words 
with the most significant 
bit first. 
Each 


Figure 
1. Transmit-only 
Mode 


word is followed 
by a 9th "don't 
care" 
bit whit h will be in 
high impedance 
state (refer to Figure 1). The A r24C21 will 
continuously 
cycle 
through 
the entire 
meme ry array 
in 
incremental 
sequence 
as long a VClK 
is pre~ ent and no 
falling 
edges 
on SCl 
are received. 
When 
the maximum 
address 
(7FH) 
is reached, 
the output 
will wra 
I around 
to 
• 
the zero 
location 
(OOH) and continue. 
The 
B directional 
mode clock (SCl) 
pin must be held high for tt 3 device 
to 
remain in the Transmit-only 
mode. 


Upon power-up, 
the AT24C21 
will not output va d data until 
it has been initialized. 
During 
initialization, 
date will not be 
available 
until 
after 
the first 
nine clocks 
are 
;ent to the 
device 
(refer 
to Figure 
2). The starting 
addr 
ss for the 
Transmit-only 
mode can be determined 
during iI itialization. 
If the SDA pin is held high during the first eight cocks 
(refer 
to Figure 2), the starting address will be 7FH. If t Ie SDA pin 
is low during the first eight clocks, the starting 
e ddress will 
be OOH. During 
the ninth 
clock, 
SDA should 
Je in high 
impedance. 


SCl~ 


Figure 
2. 
Device Initialization 
for Transmit-only 
Mode 


Vcc 
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Bidirectional Mode (DDC2) 
This mode supports 
a 2-wire, 
Bidirectional 
data transmis- 


sion protocol. 
The AT24C21 
can be switched 
into the Bidi- 
rectional 
Mode by issuing 
a valid high to low transition 
on 
the SCl 
pin (refer to Figure 
3). After 
the device 
is in the 
Bidirectional 
Mode, all inputs to the VClK 
pin are ignored, 
except when a logic high is required 
to enable 
write capa- 
bility. 
All byte and page writes 
and byte and sequential 


reads are supported 
in this mode. 


Bidirectional Mode Operation 
CLOCK 
and DATA TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external 
device. 
Data on the SDA 
pin may change 
only during SCl 
low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCl 
high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 
defined 
below. 


START CONDITION: 
A high-to-Iow 
transition 
of SDA with 
SCl 
high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCl 
high 
is a stop 
condition. 
After 
a read 
or write 
sequence, 
the stop command 
will place the EEPROM 
in a 
standby 
power mode (refer to Start and Stop Definition 
tim- 
ing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in a-bit words. 


The 
EEPROM 
sends 
a zero to acknowledge 
that 
it has 


received 
each word. This happens 
during 
the ninth clock 
cycle. 


Figure 3. 
Mode Transition 


1---;.- 
!TvHZ 
, 
X~~a 
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Device Addressing 


The AT24C21 
requires 
an a-bit device 
address 
word fol- 


lowing 
a start 
condition 
to enable 
the chip for a read or 
write operation 
(refer to Figure 4). 


The device 
address 
word 
consists 
of a mandatory 
one, 
zero 
sequence 
for the first 
four 
most 
significant 
bits as 
shown. This is common 
to all the EEPROM 
devices. 


The next three bits are don't care for the AT24C21. 


The eighth bit of the device address is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output a zero. If a compare 
is not made, the chip will return 
to a standby state. 


STANDBY 
MODE: 
The AT24C21 
features 
a low power 
standby 
mode which is enabled: 
(a) upon power-up 
and (b) 
after the receipt of the STOP bit and the completion 
of any 
internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system reset, any 2-wire part can be reset by follow- 
ing these steps: 


(a) Clock up to 9 cycles, (b) look for SDA high in each cycle 
while SCl 
is high and then (c) create 
a start condition 
as 
SDA is high. 


\_-- 


Bus Timing 
SCl: 
Serial Clock, SDA: Serial Data 1/0 


Write Cycle Timing 
SCl: 
Serial Clock, SDA: Serial Data 1/0 


I" 


STOP 
CONDITION 
START 
CONDITION 


Note: 
1. 
The write 
cycle 
time tWR is the time from a valid stop condition 
of a write 
sequence 
to the end of the internal 
cl£ '1r/write 
cycle. 
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/1 
r 


~V::--\JI 


DATA STABLE 
DATA STABLE 


DATA OUTPUT 
FROM 
TRANSMITTER 


DATA OUTPUT 
FROM 
RECEIVER 


~ 
\~i _ 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
an 8-bit 
data 
word 
addresses 
following 
the device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again 
respond 
with a zero and then clock in 
the first 8-bit data word. 
Following 
receipt of the 8-bit data 
word, the EEPROM 
will output 
a zero and the addressing 
device, 
such as a microcontroller, 
must terminate 
the write 
sequence 
with a stop condition. 
At this time the EEPROM 
enters an internally-timed 
write cycle, 
tWR' to the nonvola- 
tile memory. 
All inputs are disabled 
during this write cycle 
and the EEPROM 
will not respond 
until the write 
is com- 
plete (refer to Figure 5). 


It is required that VClK 
be held at a high logic level in order 
to program 
the device. 
This applies 
to byte write and page 
write 
operation. 
Note 
that 
VClK 
can 
go low while 
the 
device 
is in its self-timed 
program 
operation 
and not affect 
programming. 


PAGE WRITE: 
The AT24C21 
is capable 
of an 8-byte page 
write. 


A page write 
is initiated 
the same as a byte write, 
but the 
microcontroller 
does not send a stop condition 
after the first 
data 
word 
is clocked 
in. 
Instead, 
after 
the 
EEPROM 
acknowledges 
receipt 
of the first data word, the microcon- 
troller 
can transmit 
up to seven 
more 
data 
words. 
The 
EEPROM 
will 
respond 
with a zero after 
each 
data word 
received. 
The 
microcontroller 
must 
terminate 
the page 
write sequence 
with a stop condition 
(refer to Figure 6). 


The data word address 
lower three bits are internally 
incre- 
mented following 
the receipt of each data word. The higher 
data word address 
bits are not incremented, 
retaining 
the 
memory 
page row location. 
When the word address, 
inter- 
nally generated, 
reaches 
the page boundary, 
the following 
byte is placed 
at the beginning 
of the same page. 
If more 
than eight data words are trans milled to the EEPROM, 
the 
data word address 
will "roll over" and previous 
data will be 
overwrillen. 
The address 
"roll over" during write is from the 
last byte of the current 
page to the first byte of the same 
page. 


It is required that VClK 
be held at a high logic level in order 
to program 
the device. 
This applies to byte write and page 
write 
operation. 
Note 
that 
VClK 
can 
go low while 
the 
device 
is in its self-timed 
program 
operation 
and not affect 
programming. 


ACKNOWLEDGE 
POLLING: 
Once 
the internally-timed 
write 
cycle 
has started 
and the EEPROM 
inputs 
are dis- 
abled, 
acknowledge 
polling 
can be initiated. 
This involves 
sending 
a start condition 
followed 
by the device 
address 
word. The read/write 
bit is representative 
of the operation 
desired. 
Only if the internal 
write cycle has completed 
will 
the 
EEPROM 
respond 
with 
a zero 
allowing 
the read 
or 
write sequence 
to continue. 
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WRITE 
PROTECTION: 
When 
VClK 
pin is Ct nnected 
to 
GND and in the Bidirectional 
Mode, the entire, memory 
is 
protected 
and becomes 
ROM only. This protect 
the device 
memory from any inadvertent 
write operations. 


NOISE 
PROTECTION: 
Special 
internal 
circuitr 
'placed 
on 
the SDA and SCl 
pins prevent 
small 
noise 
~pikes 
from 
activating 
the device. 
Furthermore,the 
AT24C 
~1employs 
• 
a low V cc detector 
circuit 
which 
disables 
the 
Hase\write 
logic whenever 
Vcc falls below 1.5 volts. 


Read Operations 


Read operations 
are initiated the same way as • trite opera- 
tions with the exception 
that the read/write 
selE ;t bit in the 
device 
address 
word 
is set to one. There 
are three 
read 
operations: 
current 
address 
read, 
random 
aa lress 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
::lata word 
address 
counter 
maintains 
the last address 
ace essed dur- 
ing the last read or write 
operation, 
incremen' 
~d by one. 


This address 
stays valid between 
operations 
as ong as the 
chip power 
is maintained. 
The address 
"roll 0 'er" during 
read is from the last byte of the last memory 
I age to the 
first byte of the first page. 


Once the device 
address 
with the read/write 
S( lect bit set 
to one is clocked 
in and acknowledged 
by the EEPROM, 
the current 
address 
data word is serially 
c10ckl d oul. The 
microcontroller 
does 
not respond 
with an inp 
t zero 
but 
does generate 
a following 
stop condition 
(refer t, 
Figure 7). 


RANDOM 
READ: A random 
read requires 
a "dl mmy" byte 
write sequence 
to load in the data word addres~ . Once the 
device address word and data word address 
arE clocked 
in 
and acknowledged 
by the EEPROM, 
the micr lcontroller 
must generate 
another 
start condition. 
The mic )controller 
now initiates 
a current 
address 
read by sendir 
l a device 
address 
with the read/write 
select 
bit high. ThE EEPROM 
acknowledges 
the device 
address 
and serially 
clocks out 
the data word. The microcontroller 
does not resl ond with a 
zero but does generate 
a following 
stop conditi, 
n (refer to 
Figure 8). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are i dtiated 
by 
either 
a current 
address 
read or a random 
ade -ess read. 
After the microcontroller 
receives 
a data word, 
responds 
with an acknowledge. 
As long as the EEPROM 
r !ceives an 
acknowledge, 
it will continue 
to increment 
the 
::lata word 
address and serially clock out sequential 
data we rds. When 
the 
memory 
address 
limit 
is reached, 
the 
( ata 
word 
address 
will "roll over" 
and the sequential 
rea l will con- 
tinue. 
The sequential 
read operation 
is termin 
lted when 
the microcontroller 
does not respond 
with a zer I but does 
generate 
a following 
stop condition 
(refer to Figu e 9). 
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tWR (max) 
Ice (max) 
ISB (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
4 
100 
AT24C21-10PC-2.5 
8P3 
Commercial 


AT24C21-10SC-2.5 
8S1 
(O°C to lO°C) 


3000 
4 
100 
AT24C21-10PI-2.5 
8P3 
Industrial 


AT24C21-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
I 8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
I 8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


-2.5 
I Low-Voltage 
(2.5V to 5.5V) 


• Permanent Software Write Protection 
for the First-Half of the Array 


- Software Procedure to Verify Write Protect Status 


• Hardware Write Protection 
for the Entire Array 


• Low Voltage and Standard Voltage Operation 


- 5.0 (Vee = 4.5V to 5.5V) 
- 2.7 (Vee = 2.7V to 5.5V) 
- 1.8 (Vee = 1.8V to 5.5V) 


• Internally Organized 256 x 8 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 100 kHz (l.8V and 2.7V) and 400 kHz (5.0V) Compatibility 
• 16-Byte Page Write Modes 
• Partial Page Writes Are Allowed 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>3,000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin PDIP, 8-Pin JEDEC SOIC and 8-Pin TSSOP Packages 


Description 


The AT34C02 
provides 
204a 
bits of serial 
electrically 
erasable 
and programmable 


read only memory 
(EEPROM) 
organized 
as 256 words of a bits each. The first-half 
of 
the device 
incorporates 
a software 
write protection 
feature 
while hardware 
write pro- 


tection for the entire array is available 
via an external 
pin as well. Once the software 


write protection 
is enabled, 
by sending 
a special command 
to the device, 
it cannot 
be 


reversed. 
The hardware 
write protection 
is controlled 
with the WP pin and can be used 


to protect 
the entire 
array, 
whether 
or not the software 
write 
protection 
has been 
enabled. 
This allows the user to protect 
none, first-half, 
or all of the array depending 


on the application. 
The device 
is optimized 
for use in many industrial 
and commercial 


applications 
where low power and low voltage operations 
are essential. 
The AT34C02 


is available 
in space saving 
a-pin PDIP, a-pin JEDEC 
SOIC, and a-pin TSSOP 
pack- 


ages and is accessed 
via a 2-wire serial interface. 
In addition, 
it is available 
in 5.0V 


(4.5V to 5.5V), 2.7V (2.7V to 5.5V), and 1.aV (l.aV 
to 5.5V) versions. 


a-Pin SOIC 


AO 
1 
a 
VCC 
Al 
2 
7 
WP 


A2 
3 
6 
SCL 
GND 
4 
5 
SDA 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


a-Pin TSSOP 


AO ~o 
a 
VCC 


Al 
7 
WP 


A2 
3 
6 
SCL 


GND 
4 
5 
SDA 


a-Pin PDIP 


AoOa 
VCC 
Al 
2 
7 
WP 
A2 
3 
6 
SCL 


GND 
4 
5 
SDA 
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2-Wire Sel ial 
EEPROM 
with Perm :lnent 
Software 
Vrite 


Protect 


Absolute 
Maximum 
Ratings* 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


VCC_ 


GND_ 


WP 


SCL 


SDA 


Pin Description 


SERIAL 
CLOCK 
(SCl): 
The SCL input is used to positive 
edge clock data into each EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The SDA 
pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven 
and may 
be wire-ORed 
with any number of other open-drain 
or open 
collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A2, A1, AD): The A2, A1 
and AO pins are device address 
inputs that are hard wired 
for the AT34C02. 
As many 
as eight 
2K devices 
may be 
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"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability. 


SOFTWARE 
WRITE 
PROTECTED 
AREA 
(OOH -7FH) 


addressed 
on a single 
bus system 
(device 
addressing 
is 
discussed 
in detail under the Device Addressing 
section). 


WRITE 
PROTECT 
(WP): 
The AT34C02 
has a Write 
Pro- 
tect pin that provides 
hardware 
data protection. 
The Write 
Protect pin allows normal 
read/write 
operations 
when con- 


nected 
to ground 
(GND) 
or when 
left floating. 
When 
the 
Write Protect 
pin is connected 
to Vcc. the write protection 
feature 
is enabled for the entire array. The write protection 
modes are shown in the following 
table. 


WP Pin Status 
Write Protect Register 
Part of the Array Write Pre 


Vcc 
- 
Full Array (2K) 


GND or Floating 
Not Programmed 
Normal ReadlWrite 


GND or Floating 
Programmed 
First-Half of Array 
(1K: OOH- 7FH) 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°e, 
f = 1.0 MHz, Vcc = +1.8V 


Symbol 
Test Condition 
Max 
Units 
C 


Cvo 
InpuVOutput Capacitance (SDA) 
8 
pF 


CIN 
Input Capacitance (Ao,A1,A2•SCl) 
6 
pF 


'VO= OV 


fiN = OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40oe to +85°e, 
Vcc= 
+1.8V to +5.5V, 
TAC = ooe to +o70oe, 


Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 


VCC1 
Supply Voltage 
1.8 
5.5 


VCC2 
Supply Voltage 
2.7 
5.5 


VCC3 
Supply Voltage 
4.5 
5.5 


Icc 
Supply Current Vcc = 5.0V 
READ at 100kHz 
0.4 
1.0 


Icc 
Supply Current Vcc = 5.0V 
WRITE at 100kHz 
2.0 
3.0 


IS81 
Standby Current Vcc = 1.8V 
VIN= Vcc or Vss 
0.6 
3.0 


IS82 
Standby Current Vcc = 2.7V 
VIN= Vcc or Vss 
1.6 
4.0 


IS83 
Standby Current Vcc = 5.0V 
VIN= Vcc or Vss 
8.0 
18.0 


III 
Input leakage Current 
VIN= Vcc or Vss 
0.10 
3.0 


IlO 
Output leakage Current 
VOUT = Vccor Vss 
0.05 
3.0 


Vil 
Input low level(1) 
-0.6 
Vcc xO.3 


VIH 
Input High level(l) 
VccxO.7 
Vcc+ 0.5 


VOl2 
Output low level Vcc = 3.0V 
10l= 2.1 mA 
0.4 


VOl1 
Output low level Vcc = 1.8V 
IOl= 0.15 mA 
0.2 


Units 


V 


V 


V 


mA 


mA 


I!A 


IlA 


IlA 


IlA 


I!A 


V 


V 


V 


V 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = +1.8V to +5.5V, 
CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


1.8V,2.7V 
5.QV 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


fSCL 
Clock Frequency, SCL 
100 
400 
kHz 


tLow 
Clock Pulse Width Low 
4.7 
1.2 
Jls 


tHIGH 
Clock Pulse Width High 
4.0 
0.6 
JlS 


tl 
Noise Suppression Time(l) 
100 
50 
ns 


tAA 
Clock Low to Data Out Valid 
0.1 
4.5 
0.1 
0.9 
Jls 


tauF 
Time the bus must be free before a new 
4.7 
1.2 
transmission can start(l) 
Jls 


tHO.STA 
Start Hold Time 
4.0 
0.6 
Jls 


tSU.STA 
Start Set-up Time 
4.7 
0.6 
Jls 


tHO.OAT 
Data In Hold Time 
0 
0 
Jls 


tSU.OAT 
Data In Set-up Time 
200 
100 
ns 


tR 
Inputs Rise Time(l) 
1.0 
0.3 
JlS 


tF 
Inputs Fall Time(l) 
300 
300 
ns 


tSU.STO 
Stop Set-up Time 
4.7 
0.6 
Jls 


tOH 
Data Out Hold Time 
100 
50 
ns 


tWR 
Write Cycle Time 
10 
10 
ms 


Endurance(l) 
5.0V, 25°C, Page Mode 
1M 
1M 
Write 
Cycles 


Memory Organization 


AT34C02, 
2K Serial 
EEPROM: 
The 2K is internally 
orga- 
nized 
with 
256 
pages 
of 1 byte 
each. 
Random 
word 
addressing 
requires a 8-bit data word address. 


Device Operation 


CLOCK 
and 
DATA 
TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external 
device. 
Data on the SDA 
pin may change 
only during SCL low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 
high periods will indicate a start or stop condition 
as defined 
below. 


START 
CONDITION: 
A high-to-Iow 
transition 
of SDA with 
SCL high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCL high is a stop condition. 
After 
a read sequence, 
the 


stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in 8-bit words. 
The 
EEPROM 
sends 
a zero to acknowledge 
that 
it has 
received 
each word. 
This happens 
during 
the ninth clock 
cycle. 


STANDBY 
MODE: 
The AT34C02 
features 
a low power 
standby 
mode which 
is enabled: 
(a) upon power-up 
or (b) 
after the receipt of the STOP bit and the completion 
of any 
internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system reset, any 2-wire part can be reset by follow- 
ing these steps: 


(a) Clock up to 9 cycles, (b) look for SDA high in each cycle 
while 
SCL is high and then (c) create 
a start condition 
as 
SDA is high. 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal c ~ar/write 
cycle. 
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Device Addressing 


The 2K EEPROM 
device 
requires 
an a-bit device 
address 
word following 
a start condition 
to enable the chip for a read 
or write operation 
(refer to Figure 2). 


The device address word consists 
of a mandatory 
one-zero 
sequence 
for the first four most-significant 
bits (1010) 
for 
normal 
read and write 
operations 
and 0110 for writing 
to 
the write protect register. 


The next 3 bits are the A2, A 1 and AO device address 
bits 
for the AT34C02 
EEPROM. 
These 3 bits must compare 
to 
their corresponding 
hard-wired 
input pins. 


The eighth bit of the device address 
is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output a zero. If a compare 
is not made, the chip will return 
to a standby 
state. The device 
will not acknowledge 
if the 
write protect register has been programmed 
and the control 
code is 0110. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
an a-bit 
data 
word 
address 
following 
the 
device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again respond 
with a zero and then clock in 
the first a-bit data word. 
Following 
receipt of the a-bit data 
word, the EEPROM 
will output 
a zero and the addressing 
device, 
such as a microcontroller, 
must terminate 
the write 
sequence 
with a stop condition. 
At this time the EEPROM 
enters an internally-timed 
write cycle, tWR' to the nonvolatile 
memory. 
All inputs are disabled 
during this write cycle and 
the EEPROM 
will not respond 
until the write 
is complete 
(refer to Figure 3). 


The device 
will acknowledge 
a write 
command, 
but not 
write the data, if the software 
or hardware 
write protection 
has been enabled. 
The write cycle time must be observed 
even when the write protection 
is enabled. 


PAGE WRITE: 
The 2K device 
is capable 
of 16-byte 
page 
write. 


A page write 
is initiated 
the same as a byte write, 
but the 
microcontroller 
does not send a stop condition 
after the first 
data 
word 
is clocked 
in. Instead, 
after 
the 
EEPROM 
acknowledges 
receipt 
of the first data word, the microcon- 
troller 
can transmit 
up to fifteen 
more 
data 
words. 
The 
EEPROM 
will respond 
with a zero after 
each data word 
received. 
The 
microcontroller 
must 
terminate 
the page 
write sequence 
with a stop condition 
(refer to Figure 4). 
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The data word address 
lower four bits are int ,rnally incre- 
mented following 
the receipt of each data won. 
The higher 
data word address 
bits are not incremented,etaining 
the 
memory 
page row location. 
When the word at dress, 
inter- 
nally generated, 
reaches the page boundary, 
he following 
byte is placed 
at the beginning 
of the same ~ 1ge. If more 
than sixteen 
data words 
are transmitted 
to 11-~ EEPROM, 
2 


the data word address will "roll over" and prev 
JUS data will 
be overwritten. 
The address 
"roll over" during 
Nrite is from 
the last byte of the current page to the first bytE of the same 
page. 


The device 
will acknowledge 
a write 
comm 
lnd, but not 
write the data, if the software 
or hardware 
wri e protection 
has been enabled. 
The write cycle time must 
le observed 
even when the write protection 
is enabled. 


ACKNOWLEDGE 
POLLING: 
Once 
the intenally-timed 
write 
cycle 
has started 
and the EEPROM 
inl uts are dis- 
abled, 
acknowledge 
polling 
can be initiated. 
his involves 
sending 
a start condition 
followed 
by the de\ 
ce address 
word. The read/write 
bit is representative 
of t e operation 
desired. 
Only if the internal 
write cycle has cc npleted 
will 
the 
EEPROM 
respond 
with 
a zero 
allowing 
the read 
or 
write sequence 
to continue. 


Write Protection 


The software 
write protection, 
once enabled, 
ermanently 
write 
protects 
only the first-half 
of the array 
DOH - 7FH) 
while the hardware 
write protection, 
via the WP pin, is used 
to protect the entire array. 


SOFTWARE 
WRITE 
PROTECTION: 
The so tware 
write 
protection 
is enabled 
by sending 
a command, 
similar 
to a 
normal 
write command, 
to the device 
which 
p ograms 
the 
write protect 
register. 
This must be done with the WP pin 
low. The write protect register 
is programmed 
t y sending 
a 
write command 
with the device address 
of 011 ) instead of 
1010 with the address 
and data bit being don't 
:ares 
(refer 
to Figure 
1). Once the software 
write protectic n has been 
enabled, 
the device 
will no longer 
acknowled 
e the 0110 
control 
byte. 
The 
software 
write 
protectior 
cannot 
be 
reversed 
even 
if the device 
is powered 
dowl 
. The write 
cycle time must be observed. 


HARDWARE 
WRITE 
PROTECTION: 
The WF pin can be 
connected 
to Vcc, GND, or left floating. 
Connet 
ing the WP 
pin to Vcc will write protect 
the entire array, 
f( gardless 
of 
whether 
or not the software 
write 
protectio 
has been 
enabled. 
The software 
write protection 
registe . cannot 
be 
programmed 
when the WP pin is connected 
tt 
Vcc. If the 
WP pin is connected 
to GND or left floating, 
tt ~ write pro- 
tection 
mode is determined 
by the status 
of t e software 
write protect register. 
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WP Connected to GND or Floating 


Acknowledgment 
Start 
RfW Bit 
Write Protect Register 
from Device 
Action from Device 


1010 
R 
X 
ACK 
Read Array 


1010 
W 
Programmed 
ACK 
Can Write to First Half Only 


1010 
W 
Not Programmed 
ACK 
Can Write to Full Array 


0110 
R 
Programmed 
NoACK 
Stop - Indicates Write Protect Register is Programmed 


0110 
R 
Not Programmed 
ACK 
Read Out Data Don't Care. Indicates WP Register is Not Prog 


0110 
W 
Programmed 
NoACK 
Stop· Indicates Write Protect Register is Programmed 


0110 
W 
Not Programmed 
ACK 
Program Write Protect Register (irreversible) 


WP Connected to Vcc 


; 


1010 
R 
X 
ACK 
Read Array 


1010 
W 
Programmed 
ACK 
Device Write Protect 


1010 
W 
Not Programmed 
ACK 
Device Write Protect 


0110 
R 
Programmed 
NoACK 
Stop - Indicates Write Protect Register is Programmed 


0110 
R 
Not Programmed 
ACK 
Read Out Data Don't Care. Indicates WP Register is Not Prog 


0110 
W 
Programmed 
NoACK 
Stop - Indicates Write Protect Register is Programmed 


0110 
W 
Not Programmed 
ACK 
Cannot Program Write Protect Register 


¥ 
CONTROL 
WORD 
S 
AR 
BYTE 
ADDRESS 
DATA 
T 


T~~~~ 
DfRillJ1JJ 
: : : : : : : IJ : : : : : : : LIT 


A 
C 
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Read Operations 


Read operations 
are initiated 
the same way as write opera- 
tions with the exception 
that the read/write 
select bit in the 
device 
address 
word 
is set to one. There 
are three 
read 
operations: 
current 
address 
read, 
random 
address 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 
address 
counter 
maintains 
the last address 
accessed 
dur- 
ing the last read or write 
operation, 
incremented 
by one. 
This address stays valid between 
operations 
as long as the 
chip power 
is maintained. 
The address 
"roll over" during 
read is from the last byte of the last memory 
page to the 
first byte of the first page. 


Once the device 
address 
with the read/write 
select 
bit set 
to one is clocked 
in and acknowledged 
by the EEPROM, 
the current 
address 
data word 
is serially 
clocked 
out. To 


end the command, 
the microcontroller 
does 
not respond 
with an input zero but does generate 
a following 
stop condi- 
tion (refer to Figure 5). 


RANDOM READ: A random 
read requires 
a "dummy" 
byte 
write sequence 
to load in the data word address. 
Once the 
device address word and data word address are clocked 
in 
and acknowledged 
by the EEPROM, 
the microcontroller 
must generate 
another 
start condition. 
The microcontroller 
now initiates 
a current 
address 
read by sending 
a device 
address 
with the read/write 
select 
bit high. The EEPROM 
acknowledges 
the device 
address 
and serially 
clocks 
out 
the data word. 
To end the command, 
the microcontroller 
does not respond with a zero but does generate 
a following 
stop condition 
(refer to Figure 6). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are initiated 
by 


either a current 
address 
read or a random 
address 
read. 
After the microcontroller 
receives 
a data word, it responds 


with an acknowledge. 
As long as the EEPROM 
receives an 


acknowledge, 
it will continue 
to increment 
the data word 


address and serially clock out sequential 
data words. When 


the 
memory 
address 
limit 
is reached, 
the 
data 
word 


address 
will "roll over" 
and the sequential 
read will con- 


tinue. 
The sequential 
read operation 
is terminated 
when 


the microcontroller 
does not respond 
with a 
ero but does 


generate 
a following 
stop condition 
(refer to F gure 7). 


WRITE 
PROTECT 
REGISTER 
STATUS: 
To 'ind out if the 


register 
has been 
programmed, 
the same 
Jrocedure 
is 


used as to program 
the register 
except that 
1e R/W bit is 
set to 1. If the device acknowledges, 
then thE write protect 


register 
has not been programmed. 
Otherwis 
l, it has been 
_ 
programmed 
and the device is pem1anently 
Vi 'ite protected 
~ 
at the first half of the array. 
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Figure 
4. 
Page Write 
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S 
T 
R 
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A 
E 
T 


R 
DEVICE 
A 
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ADDRESS 
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P 


SDA 
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tWR (max) 
Icc (max) 
ISB (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Open 


10 
3000 
18 
400 
AT34C02-10PC 
8P3 
Cc 


AT34C02N-10SC 
8S1 
(Oo( 


AT34C02-10TC 
8T 


3000 
18 
400 
AT34C02-10PI 
8P3 
Ir 


AT34C02N-10SI 
8S1 
(-40' 


AT34C02-10TI 
8T 


10 
1500 
4 
100 
AT34C02-10PC-2.7 
8P3 
Co 


AT34C02N-1 
OSC-2. 7 
8S1 
(O°C 


AT34C02-1 
OTC-2. 7 
8T 


1500 
4 
100 
AT34C02-10PI-2.7 
8P3 
Ir 


AT34C02N-1 
OSI-2. 7 
8S1 
(-40' 


AT34C02-1 
OTI-2. 7 
8T 


10 
800 
3 
100 
AT34C02-10PC-1.8 
8P3 
Co 


AT34C02N-10SC-1.8 
8S1 
(O°C 


AT34C02-10TC-1.8 
8T 


800 
3 
100 
AT34C02-10PI-1.8 
8P3 
In 


AT34C02N-10SI-1.8 
851 
(-40° 


AT34C02-1 
OTI-1 .8 
8T 


lion 
Range 


nmercial 


to 70°C) 


justrial 


~ to 85°C) 


~mercial 


to 70°C) 


lustrial 


; to 85°C) 


lmercial 


to 70°C) 


lustrial 


; to 85°C) 
• 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
Package(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 
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• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 
- 1.8 (Vcc = 1.8V to 5.5V) 


• Internally Organized 128 x 8 (1K), 256 x 8 (2K), 512 x 8 (4K), 


1024 x 8 (8K) or 2048 x 8 (16K) 


• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
• Write Protect Pin for Hardware Data Protection 
• 8-Byte Page (1K, 2K), 16-Byte Page (4K, 8K, 16K) Write Modes 
• Partial Page Writes Are Allowed 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>3000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin and 14-Pin JEDEC SOIC, 8-Pin PDIP, 8-Pin MSOP, and 8-Pin TSSOP Packages 


Description 


The AT24C01A102/04/08/16 
provides 
1024/2048/4096/8192/16384 
bits of serial elec- 


trically 
erasable 
and programmable 
read only 
memory 
(EEPROM) 
organized 
as 


128/256/512/1024/2048 
words of 8 bits each. The device is optimized 
for use in many 


industrial 
and commercial 
applications 
where low power and low voltage operation 
are 


essential. 
The 
AT24C01 
Al02/04/08/16 
is available 
in space 
saving 
8-pin 
PDI P, 
(AT24C01 
A/02/04/08/16), 
8-Pin 
MSOP 
(AT24C01 
A/02), 
8-Pin 
TSSOP 


(AT24C01A/02/04/08/16), 
and 
8-Pin 
and 
14-Pin 
JEDEC 
SOIC 


(AT24C01A102/04/08/16) 
packages 
and is accessed 
via a 2-wire 
serial interface. 
In 


addition, 
the entire family is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V 


(2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions. 
Pin Configurations 
B-Pin TSSOP 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


NC 
No Connect 


AO 
VCC 
A1 
wp 


A2 
SCL 
GND 
SDA 


B-Pin MSOP 


AO 
VCC 


A1 
wp 


A2 
SCL 
GND 
SDA 


NC 
1 
14 
NC 


AD 
2 
13 
VCC 
B-Pin PDIP 
B-Pin SOIC 


A1 
3 
12 
WP 


NC 
4 
11 
NC MO~'MO= 
A2 
5 
10 
SCL 
A1 
2 
7 
WP 
A1 
2 
7 
WP 


GND 
6 
9 
SDA 
A236SCL 
A2 
3 
6 
SCL 


NC 
7 
8 
NC 
GND 
4 
5 
SDA 
GND 
4 
5 
SDA 
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2-Wire 
Serial EE 'ROM 


1K (128 x 8) 


2K (256 x 8) 


4K (512 x 8) 


8K (1024 x 8) 


16K (2048 x 8) 


AT24C01J 
AT24C02 
AT24C04 
AT24C08 
AT24C16 


Absolute 
Maximum 
Ratings 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


Maximum Operating Voltage 
6.25V 


DC Output Curren!... 
5.0 mA 


vcc--. 
GND--. 
wp 


SCL 


SDA 
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"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Pin Description 


SERIAL· CLOCK 
(SCl): 
The SCl 
input is used to positive 
edge clock data into each 
EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The 
SDA pin is bidirectional 
for 


serial data transfer. 
This pin is open-drain 
driven and may 
be wire-ORed 
with any number of other open-drain 
or open 


collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A2, 
A1, AO): The A2, A1 
and AO pins are device 
address 
inputs that are hard wired 


for the AT24C01A 
and the AT24C02. 
As many 
as eight 


1K/2K devices 
may be addressed 
on a single 
bus system 


(device 
addressing 
is discussed 
in detail under the Device 
Addressing 
section). 


The AT24C04 
uses 
the A2 and A1 inputs 
for hard 
wire 
addressing 
and 
a total 
of four 
4K 
devices 
may 
be 
addressed 
on a single bus system. The AO pin is a no con· 


nect. 


The AT24COB only uses the A2 input for hardwire 
address- 


ing and a total of two BK devices 
may be addressed 
on a 
single bus system. The AO and A1 pins are no connects. 


The AT24C16 
does not use the device address 
pins which 
limits 
the number 
of devices 
on a single 
bus to one. The 
AO, A 1 and A2 pins are no connects. 


WRITE 
PROTECT 
(WP): 
The AT24C01A/02/04/16 
has a 


Write 
Protect 
pin that provides 
hardware 
data protection. 


The Write 
Protect 
pin allows 
normal 
read/write 
operations 


when connected 
to ground (GND). When the Write Protect 
pin is connected 
to V cc, the write 
protection 
feature 
is 


enabled and operates 
as shown in the following 
table. 


WPPin 
Part of the Array Protected 


Status 
24C01A 
24C02 
24C04 
24C08 
24C16 


Normal 
Upper 


AtVcc 


Full (1K) 
Full (2K) 
Full (4K) 
Read! 
Half 
Array 
Array 
Array 
Write 
(8K) 


Operation 
Array 


AtGND 
Normal ReadlWrite Operations 


Memory Organization 


AT24C01A, 
1K SERIAL 
EEPROM: 
Internally 
organized 


with 128 pages of 1-byte each, the 1K requires 
a 7-bit data 


word address for random word addressing. 


AT24C02, 
2K SERIAL 
EEPROM: 
Internally 
c 'ganized with 


256 pages 
of 1-byte 
each, 
the 2K requires 
In 8-bit data 


word address for random word addressing. 


AT24C04, 
4K SERIAL 
EEPROM: 
The 4K is internally 


organized 
with 256 pages 
of 2 bytes each. 
F andom word 


addressing 
Chip 
Number 
requires 
a 9-b 
data 
word 


address. 


AT24COB, 
BK SERIAL 
EEPROM: 
The 
8K is internally 


organized 
with 4 blocks of 256 pages of 4 bytE.s each. Ran- 


dom word addressing 
requires 
a 10-bit data w >rdaddress. 


AT24C16, 
16K SERIAL 
EEPROM: 
The 161<is internally 


organized 
with 8 blocks of 256 pages of 8 bytE ~ each. Ran- 


dom 
word 
addressing 
requires 
an 
11-bi 
data 
word 


address. 
• 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA= 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
( 


Cvo 
Inpul/Output Capacitance (SDA) 
8 
pF 


C1N 
Input Capacitance (Ao,A1• A2. SCl) 
6 
pF 


Vvo = OV 


VIN= OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: TAl = -40°C to +85°C, 
Vcc = +1.8V to +5.5V, 
TAC = 0 C to +70°C, 


Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply Voltage 
1.8 
5.5 
V 


VCC2 
Supply Voltage 
2.5 
5.5 
V 


VCC3 
Supply Voltage 
2.7 
5.5 
V 


Vee4 
Supply Voltage 
4.5 
5.5 
V 


Ice 
Supply Current Vee = 5.0V 
READ at1 00 kHz 
0.4 
1.0 
mA 


Ice 
Supply Current Vee = 5.0V 
WRITE at 100 kHz 
2.0 
3.0 
mA 


IS61 
Standby Current Vec = 1.8V 
V1N= Vee or Vss 
0.6 
3.0 
f.lA 


IS62 
Standby Current Vee = 2.5V 
VIN= Vcc or Vss 
1.4 
4.0 
~A 


IS63 
Standby Current Vcc = 2.7V 
V1N= Vee or Vss 
1.6 
4.0 
~A 


ISB4 
Standby Current Vcc = 5.0V 
V1N= Vee or Vss 
8.0 
18.0 
f.lA 


III 
Input leakage Current 
VIN= Vcc or Vss 
0.10 
3.0 
~A 


ILo 
Output leakage Current 
VOUT= Vceor Vss 
0.05 
3.0 
~A 


V1L 
Input low level(1) 
-0.6 
VeexO.3 
V 


V1H 
Input High level(1) 
Vcc xO.7 
Vcc + 0.5 
V 


VOL2 
Output low level Vcc = 3.0V 
IOL= 2.1 mA 
0.4 
V 


VOl1 
Output low level Vec = 1.8V 
IOL= 0.15 mA 
0.2 
V 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, 
Vcc = +1.8V to +5.5V, 
CL = 1 TTL Gate and 
100pF (unless otherwise 
noted). 


2.7-0 2.5-, 1.8-volt 
5.O-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


fSCL 
Clock Frequency, SCL 
100 
400 
kHz 


tLow 
Clock Pulse Width Low 
4.7 
1.2 
Ils 


tHIGH 
Clock Pulse Width High 
4.0 
0.6 
Ils 


tl 
Noise Suppression Time(1) 
100 
50 
ns 


tM 
Clock Low to Data Out Valid 
0.1 
4.5 
0.1 
0.9 
IlS 


tauF 
Time the bus must be free before 
4.7 
1.2 
a new transmission can start(1) 
IlS 


tHO.STA 
Start Hold Time 
4.0 
0.6 
IlS 


tSU.STA 
Start Set-up Time 
4.7 
0.6 
IlS 


tHO.OAT 
Data In Hold Time 
0 
0 
Ils 


tSU.OAT 
Data In Set-up Time 
200 
100 
ns 


tR 
Inputs Rise Time(1) 
1.0 
0.3 
IlS 


tF 
Inputs Fall Time(1) 
300 
300 
ns 


tSU.STO 
Stop Set-up Time 
4.7 
0.6 
Ils 


tOH 
Data Out Hold Time 
100 
50 
ns 


tWR 
Write Cycle Time 
10 
10 
ms 


Endurance(l) 
5.0V, 25°C, Page Mode 
1M 
1M 
Write 
Cycles 


Device Operation 


CLOCK 
and 
DATA TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external device. 
Data on the SDA 
pin may change 
only during SCL low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 
high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 
defined 
below. 


START 
CONDITION: 
A high-to-Iow 
transition 
of SDA with 
SCL high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCL high is a stop condition. 
After 
a read sequence, 
the 
stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in 8-bit words. 


The 
EEPROM 
sends 
a zero to acknowledge 
that 
it has 
received 
each word. 
This happens 
during 
the ninth clock 
cycle. 


STANDBY 
MODE: 
The AT24C01A102104/08/16 
features 
a 
low power standby mode which is enabled: 
(a) upon power- 
up and (b) after the receipt of the STOP bit and the comple· 
tion of any internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system 
reset, any 2-wire part can be reset by follow- 
ing these steps: 


1. 
Clock up to 9 cycles. 


2. 
Look for SDA high in each cycle while SCL is high. 


3. 
Create a start condition 
as SDA is high. 


Bus Timing 
SCL: Serial Clock, SDA: Serial Data 1/0 


Write Cycle Timing 
SCL: Serial Clock, SDA: Serial Data 1/0 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal cl ar/write 
cycle. 
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Device Addressing 


The 1K, 2K, 4K, 8K and 16K EEPROM 
devices 
all require 
an 8-bit device 
address 
word following 
a start condition 
to 
enable 
the chip 
for a read 
or write 
operation 
(refer 
to 
Figure 1). 


The device 
address 
word 
consists 
of a mandatory 
one, 


zero 
sequence 
for the first 
four 
most 
significant 
bits as 
shown. This is common 
to all the EEPROM 
devices. 


The next 3 bits are the A2, A 1 and AD device 
address 
bits 


for the 1K/2K 
EEPROM. 
These 
3 bits must 
compare 
to 
their corresponding 
hard-wired 
input pins. 


The 4K EEPROM 
only uses the A2 and A1 device address 
bits with the third bit being a memory 
page address bit. The 
two device address 
bits must compare 
to their correspond- 
ing hard-wired 
input pins. The AD pin is no connect. 


The 8K EEPROM 
only uses the A2 device address 
bit with 
the next 2 bits being for memory 
page addressing. 
The A2 
bit must compare 
to its corresponding 
hard-wired 
input pin. 


The A 1 and AD pins are no connect. 


The 16K does not use any device address 
bits but instead 
the 3 bits are used for memory 
page addressing. 
These 
page 
addressing 
bits 
on the 4K, 
8K, and 
16K devices 
should 
be considered 
the most significant 
bits of the data 
word address which follows. The AD, A1 and A2 pins are no 
connect. 


The eighth bit of the device address is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output a zero. If a compare 
is not made, the chip will return 
to a standby 
state. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
an 8-bit 
data 
word 
address 
following 
the 
device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again 
respond 
with a zero and then clock in 
the first 8-bit data word. 
Following 
receipt 
of the 8-bit data 
word, the EEPROM 
will output 
a zero and the addressing 
device, 
such as a microcontroller, 
must terminate 
the write 
sequence 
with a stop condition. 
At this time the EEPROM 
enters an internally-timed 
write cycle, tWR' to the nonvolatile 
memory. 
All inputs are disabled 
during this write cycle and 
the EEPROM 
will not respond 
until the write 
is complete 
(refer to Figure 2). 


PAGE WRITE: 
The 
1K/2K 
EEPROM 
is capable 
of an 8- 
byte page write, and the 4K, 8K and 16K devices are capa- 
ble of 16-byte page writes. 


A page write is initiated 
the same as a byte write, 
but the 
microcontroller 
does not send a stop condition 
after the first 
data 
word 
is clocked 
in. 
Instead, 
after 
the 
EEPROM 
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acknowledges 
receipt of the first data word, 
t Ie microcon- 
troller can transmit 
up to seven (1K/2K) 
Of fif ~en (4K, 8K, 


16K) more data words. 
The EEPROM 
will re :pond with a 
zero after 
each data word 
received. 
The mi :rocontroller. 


must terminate 
the page write sequence 
with 
l stop condi-" 


tion (refer to Figure 3). 


The data word address 
lower three (1K/2K) or our (4K, 8K, 
• 
16K) bits are internally 
incremented 
following 
le. receipt of 


each data word. The higher data word add res 
bits are not 
incremented, 
retaining 
the 
memory 
page 
r w location. 


When the word address, 
internally 
generated, 
reaches the 
page boundary, 
the following 
byte is placed, 
t the begin- 


ning of the same 
page. 
If more than eight (1 12K) or six- 
teen 
(4K, 
8K, 
16K) 
data 
words 
are transrr 
tted 
to the 
EEPROM, 
the data word address 
will "roll ove " and previ- 


ous data will be overwritten. 


ACKNOWLEDGE 
POLLING: 
Once 
the inte 
nally-timed 
write 
cycle 
has started 
and the EEPROM 
in~ Jts are dis- 
abled, acknowledge 
poliing 
can be initiated. 
T lis involves 
sending 
a start condition 
followed 
by the dev ce address 
word. The read/write 
bit is representative 
of tI e operation 
desired. 
Only if the internal 
write cycle has co npleted 
will 
the EEPROM 
respond 
with a zero 
allowing 
he read 
or 
write sequence 
to continue. 


Read Operations 


Read operations 
are initiated the same way as 
~rite opera- 


tions with the exception 
that the read/write 
sell :t bit in the 


device 
address 
word 
is set to one. There 
are three 
read 
operations: 
current 
address 
read, 
random 
ac jress 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 
address 
counter 
maintains 
the last address 
act essed dur- 


ing the last read or write 
operation, 
incremen' 
~d by one. 


This address stays valid between 
operations 
as ong as the 
chip power 
is maintained. 
The address 
"roll 0 'er" during 
read is from the last byte of the last memory 
I age to the 
first byte of the first 
page. The address 
"roll 0 'er" during 
write 
is from 
the last byte of the current 
page 
to the first 


byte of the same page. 


Once the device 
address 
with the read/write 
SE ect bit set 


to one is clocked 
in and acknowledged 
by the 
::EPROM, 


the current 
address 
data word is serially 
clockE j out. The 
microcontroller 
does 
not respond 
with an inpl t zero but 


does generate 
a following 
stop condition 
(refer t( Figure 4). 


RANDOM 
READ: A random read requires 
a "dL nmy" byte 
write sequence 
to load in the data word address 
Once the 
device address word and data word address are clocked in 
and acknowledged 
by the EEPROM, 
the micn 
controller 
must generate 
another 
start condition. 
The micr lcontroller 
now initiates 
a current 
address 
read by sendin 
I a device 
address 
with the read/write 
select 
bit high. The EEPROM 
acknowledges 
the device 
address 
and serially 
:Iocks out 
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the data word. The microcontroller 
does not respond with a 
zero but does generate 
a following 
stop condition 
(refer to 
Figure 5). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are initiated 
by 
either 
a current 
address 
read or a random 
address 
read. 


After the microcontroller 
receives 
a data word, it responds 
with an acknowledge. 
As long as the EEPROM 
receives 
an 


Figure 
1. Device Address 


acknowledge, 
it will continue 
to increment 
the data word 
address and serially clock out sequential 
data words. When 
the 
memory 
address 
limit 
is reached, 
the 
data 
word 
address 
will "rollover" 
and the sequential 
read will con- 
tinue. 
The sequential 
read operation 
is terminated 
when 
the microcontroller 
does not respond 
with a zero but does 
generate 
a following 
stop condition 
(refer to Figure 6). 
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tWR (max) 
Icc (max) 
IS8 (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operatio,n 
Range 


10 
3000 
18 
400 
AT24C01 A-1 OPC 
8P3 
Commercial 


AT24C01A-10SC 
8S1 
(O°C to 70°C) 


AT24C01 A-1 OMC 
8M 


AT24C01 A-1 OTC 
8T 


3000 
18 
400 
AT24C01 A-1 OPI 
8P3 
Industrial 


AT24C01 A-1 OSI 
8S1 
(-40°C 
to 85°C) 


AT24C01A-10MI 
8M 


AT24C01 A-1 OTI 
8T 


10 
1500 
4 
100 
AT24C01 A-1 OPC-2.7 
8P3 
Commercial 


AT24C01 A-1 OSC-2.7 
8S1 
(O°C to 70°C) 


AT24C01A-10MC-2.7 
8M 


AT24C01 A-1 OTC-2.7 
8T 


1500 
4 
100 
AT24C01 A-1 OPI-2. 7 
8P3 
Industrial 


AT24C01 A-1 OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT24C01 A-1 OMI-2. 7 
8M 


AT24C01 A-1 OTI-2. 7 
8T 


Package 
Type 


8M 
8-Lead, 
0.118" 
Wide, 
Miniature 
Small Outiine 
Package 
(MSOP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


8T 
8·Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
Icc (max) 
IS8 (max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering Code 
Package 
Opera! 


10 
1000 
4 
100 
AT24C01 A-1 OPC-2.5 
8P3 
Con 


AT24C01 A-1 OSC-2.5 
8S1 
(O°C 


AT24C01 A-1 OMC-2.5 
8M 


AT24C01 A-1 OTC-2.5 
8T 


1000 
4 
100 
AT24C01 A-1 OPI-2.5 
8P3 
Ind 


AT24C01 A-1 OSI-2.5 
8S1 
HO°C 


AT24C01 A-1 OMI-2.5 
8M 


AT24C01 A-1 OTI-2.5 
8T 


10 
800 
3 
100 
AT24C01 A-1 OPC-1.8 
8P3 
Com 


AT24C01 A-1 OSC-1 .8 
8S1 
(O°C' 


AT24C01 A-1 OMC-1.8 
8M 


AT24C01 A-1 OTC-1.8 
8T 


800 
3 
100 
AT24C01 A-1 OPI-1.8 
8P3 
Indl 


AT24C01A-10SI-1.8 
8S1 
(-40°C 


AT24C01 A-1 OMI-1.8 
8M 


AT24C01 A-1 OTI-1.8 
8T 


on Range 


Tlercial 


o 70°C) 


Istrial 


to 85°C) 


nercial 


) 70°C) 


strial 


o 85°C) 


Package Type 


8M 
8-Lead, 
0.118" 
Wide, 
Miniature 
Small 
Outline 
Package 
(MSOP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


AlmEL 


• 


AlmEL 


tWR (max) 
Icc(max) 
Isa(max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering Code 
Package 
Operation Range 


10 
3000 
18 
400 
AT24C02-10PC 
8P3 
Commercial 


AT24C02N-10SC 
8S1 
(O°C to 70°C) 


AT24C02-10SC 
14S 


AT24C02-10MC 
8M 


AT24C02-10TC 
8T 


3000 
18 
400 
AT24C02-10PI 
8P3 
Industrial 


AT24C02N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C02-10SI 
14S 


AT24C02-10MI 
8M 


AT24C02-10TI 
8T 


10 
1500 
4 
100 
AT24C02-1 
OPC-2. 7 
8P3 
Commercial 


AT24C02N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C02-1 
OSC-2. 7 
14S 


AT24C02-10MC-2.7 
8M 


AT24C02-10TC-2.7 
8T 


1500 
4 
100 
AT24C02-10PI-2.7 
8P3 
Industrial 


AT24C02N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C02-10SI-2.7 
14S 


AT24C02-10MI-2.7 
8M 


AT24C02-10TI-2.7 
8T 


Package Type 


8M 
8-Lead, 
0.118" 
Wide, 
Miniature 
Small 
Outline 
Package 
(MSOP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
Icc (max) 
ISB (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operatil 


10 
1000 
4 
100 
AT24C02-10PC-2.5 
8P3 
Comr 


AT24C02N-10SC-2.5 
8S1 
(O°C tl 


AT24C02-10SC-2.5 
14S 


AT24C02-10MC-2.5 
8M 


AT24C02-10TC-2.5 
8T 


1000 
4 
100 
AT24C02-10PI-2.5 
8P3 
Indu 


AT24C02N-10SI-2.5 
8S1 
(-40°C 
t 


AT24C02-10SI-2.5 
14S 


AT24C02-10MI-2.5 
8M 


AT24C02-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C02-10PC-1.8 
8P3 
ComrT 


AT24C02N-10SC-1.8 
8S1 
(O°Cte 


AT24C02-10SC-1.8 
14S 


AT24C02-10MC-1.8 
8M 


AT24C02-10TC-1.8 
8T 


800 
3 
100 
AT24C02-10PI-1.8 
8P3 
Indu~ 


AT24C02N-10SI-1.8 
8S1 
(-40°C 
t( 


AT24C02-10SI-1.8 
14S 


AT24C02-10MI-1.8 
8M 


AT24C02-10TI-1.8 
8T 


n Range 


ercial 


70°C) 


trial 


) 85°C) 


.rial 


85°C) 


Package 
Type 


8M 
8-Lead, 
0.118" 
Wide, 
Miniature 
Small Outline 
Package 
(MSOP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


8S1 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 
I 


-1.8 
Low Voltage 
(1.8V to 5.5V) 
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tWR (max) 
Icc (max) 
ISB (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C04-10PC 
8P3 
Commercial 


AT24C04N-10SC 
8S1 
(O°C to 70°C) 


AT24C04-10SC 
14S 


AT24C04-10TC 
8T 


3000 
18 
400 
AT24C04-10PI 
8P3 
Industrial 


AT24C04N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C04-10SI 
14S 


AT24C04-10TI 
8T 


10 
1500 
4 
100 
AT24C04-1 
OPC-2. 7 
8P3 
Commercial 


AT24C04N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C04-10SC-2.7 
14S 


AT24C04-1 
OTC-2. 7 
8T 


1500 
4 
100 
AT24C04-10PI-2.7 
8P3 
Industrial 


AT24C04N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C04-10SI-2.7 
14S 


AT24C04-10TI-2.7 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
lee (max) 
IS8 (max) 
fMAX 


(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operati 
• 


10 
1000 
4 
100 
AT24C04-10PC-2.5 
8P3 
Com 


AT24C04N-10SC-2.5 
8S1 
(O°C t 


AT24C04-10SC-2.5 
14S 


AT24C04-10TC-2.5 
8T 


1000 
4 
100 
AT24C04-10PI-2.5 
8P3 
Indl 


AT24C04N-10SI-2.5 
8S1 
(-40°C 


AT24C04-10SI-2.5 
14S 


AT24C04-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C04-1 
OPC-1 .8 
8P3 
Comr 


AT24C04N-10SC-1.8 
8S1 
(O°C te 


AT24C04-10SC-1.8 
14S 


AT24C04-10TC-1.8 
8T 


800 
3 
100 
AT24C04-10PI-1.8 
8P3 
Indu 


AT24C04N-10SI-1.8 
8S1 
(-40°C 


AT24C04-10SI-1.8 
14S 


AT24C04-10TI-1.8 
8T 


n Range 


lercial 


• 70°C) 


;trial 


o 85°C) 


,trial 


) 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


AlmEL 


• 


AlmEL 


tWR (max) 
Ice (max) 
ISB(max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHZ) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C08-10PC 
8P3 
Commercial 


AT24C08N-10SC 
8S1 
(O°C to 70°C) 


AT24C08-10SC 
14S 


AT24C08-10TC 
8T 


3000 
18 
400 
AT24C08-10PI 
8P3 
Industrial 


AT24C08N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C08-10SI 
14S 


AT24C08-10TI 
8T 


10 
1500 
4 
100 
AT24C08-1 
OPC-2. 7 
8P3 
Commercial 


AT24C08N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C08-1 
OSC-2.7 
14S 


AT24C08-10TC-2.7 
8T 


1500 
4 
100 
AT24C08-10PI-2.7 
8P3 
Industrial 


AT24C08N-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT24C08-10SI-2.7 
14S 


AT24C08-1 
OTI-2. 7 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual lnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
Icc (max) 
IS8 (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operal 
on Range 


10 
1000 
4 
100 
AT24C08-10PC-2.5 
8P3 
Con llercial 


AT24C08N-10SC-2.5 
8S1 
(O°C 
o 70°C) 


AT24C08-10SC-2.5 
14S 


AT24C08-10TC-2.5 
8T 


1000 
4 
100 
AT24C08-10PI-2.5 
8P3 
Inc Jstrial 


AT24C08N-10SI-2.5 
8S1 
(-400( 
to 85°C) 


AT24C08-10SI-2.5 
14S 


AT24C08-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C08-1 
OPC-1 .8 
8P3 
COlT nercial 


AT24C08N-10SC-1.8 
8S1 
(O°C 
) 70°C) 


AT24C08-1 
OSC-1 .8 
14S 


AT24C08-1 
OTC-1 .8 
8T 


800 
3 
100 
AT24C08-10PI-1.8 
8P3 
Indstrial 


AT24C08N-10S1-1.8 
8S1 
(-40°C 
to 85°C) 


AT24C08-10S1-1.8 
14S 


AT24C08-10TI-1.8 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V 10 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 
I 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


AlmEL 


• 


AlmEL 


tWR (max) 
Icc (max) 
IS8 (max) 
fMAX 


(ms) 
(IIA) 
(II A) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C16-10PC 
8P3 
Commercial 


AT24C16N-10SC 
8S1 
(O°C to 70°C) 


AT24C16-10SC 
14S 


AT24C16-10TC 
8T 


3000 
18 
400 
AT24C16-10PI 
8P3 
Industrial 


AT24C16N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C16-10SI 
14S 


AT24C16-10TI 
8T 


10 
1500 
4 
100 
AT24C16-1 
OPC-2. 7 
8P3 
Commercial 


AT24C16N-1 
OSC-2. 7 
8S1 
(O°C to 70°C) 


AT24C16-1 
OSC-2. 7 
14S 


AT24C16-1 
OTC-2. 7 
8T 


1500 
4 
100 
AT24C16-10PI-2.7 
8P3 
Industrial 


AT24C16N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C16-10SI-2.7 
14S 


AT24C16-10TI-2.7 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
Ice (max) 
IS8 (max) 
fMAX 


(ms) 
(IlA) 
(IIA) 
(kHz) 
Ordering 
Code 
Package 
Operati 
.n Range 


10 
1000 
4 
100 
AT24C16-10PC-2.5 
8P3 
Com 
lercial 


AT24C16N-10SC-2.5 
8S1 
(O°C l ) 70°C) 


AT24C16-10SC-2.5 
14S 


AT24C16-10TC-2.5 
8T 


1000 
4 
100 
AT24C16-10PI-2.5 
8P3 
Indl strial 


AT24C16N-10SI-2.5 
8S1 
(-40°C 
0 85°C) 


AT24C16-10SI-2.5 
14S 


AT24C16-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C16-10PC-1.8 
8P3 
Comr 
lercial 


AT24C16N-10SC-1.8 
8S1 
COOCt, 
70°C) 


AT24C16-10SC-1.8 
14S 


AT24C16-10TC-1.8 
8T 


800 
3 
100 
AT24C16-1 
OPI-1 .8 
8P3 
IndL ;trial 


AT24C16N-10SI-1.8 
8S1 
(-40°C 
) 85°C) 


AT24C16-10SI-1.8 
14S 


AT24C16-10TI-1.8 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


AlmEL 


• 


------- 
lE1WLV 


• Write Protect Pin for Hardware Data Protection 


- Utilizes Different Array Protection 
Compared to the AT24C02J04l08 


• Low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 
- 1.8 (Vcc = 1.8V to 5.5V) 
• Internally Organized 256 x 8 (2K), 512 x 8 (4K) or 1024 x 8 (8K) 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Supperssion 
• Bidirectional 
Data Transfer Protocol 


• 100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
• 8-Byte Page (2K), 16-Byte Page (4K, 8K) Write Modes 
• Partial Page Writes Are Allowed 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>3000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin and 14-Pin JEDEC SOIC, 8-Pin PDIP, and 8-Pin TSSOP Packages 


Description 


The AT24C02A104A108A 
provides 
2048/4096/8192 
bits of serial electrically 
erasable 


and programmable 
read only memory 
(EEPROM) 
organized 
as 256/512/1024 
words 


of 8 bits each. The device 
is optimized 
for use in many 
industrial 
and commercial 


applications 
where 
low 
power 
and 
low voltage 
operation 
are 
essential. 
The 


AT24C02A104A108A 
is available 
in space saving 8-pin PDIP, 8-pin and 14-pin JEDEC 


SOIC, 
and 8-pin TSSOP 
packages 
and is accessed 
via a 2-wire 
serial interface. 
In 


addition, 
the entire family is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V 


(2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions. 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


NC 
No Connect 


8-Pin PDIP 


AOOS 
vcc 
Al 
2 
7 
WP 


A2 
3 
a 
SCL 
GND 4 
5 
SDA 


8-Pin SOIC 


AOOS 
VCC 
A1 
2 
7 
WP 
A23 
aSCL 
GND 
4 
5 
SDA 
NC 
NC 


AO 
VCC 


A1 
WP 
NC 
NC 
A2 
SCL 


GND 
SDA 


NC 
NC 


8-Pin TSSOP 


AOOS 
VCC 
A1 
2 
7 
WP 
A2 3 
a 
SCL 
GND 4 
5 
SDA 


AlmEl 


2-Wire Se -ial 
EEPROM 


2K (256 X 8) 


4K (512 X 8) 


8K (1024 X 8) 


AT24C02)\ 
AT24C04)\ 
AT24C08J, 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


vcc- 
GND- 
wp 


SCl 


SDA 


AlmEL 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam· 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 
edge clock data into each 
EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The 
SDA pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven and may 
be wire-ORed 
with any number of other open-drain 
or open 
collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A2, A1, AO): The A2, A1 
and AD pins are device 
address 
inputs that are hard wired 
for the AT24CD2A. 
As many 
as eight 2K devices 
may be 
addressed 
on a single 
bus system 
(device 
addressing 
is 
discussed 
in detail under the Device Addressing 
section). 


The AT24CD4A 
uses the A2 and A 1 inputs 
for hard wire 
addressing 
and 
a total 
of four 
4K 
devices 
may 
be 
addressed 
on a single bus system. 
The AD pin is a no con- 
nect. 


The 
AT24CD8A 
only 
uses 
the 
A2 
input 
for 
hardwire 
addressing 
and 
a total 
of two 
8K 
devices 
may 
be 
addressed 
on a single bus system. 
The AD and A1 pins are 
no connects. 


WRITE 
PROTECT 
(WP): 
The AT24CD2A1D4A1D8A 
has a 
Write 
Protect 
pin that provides 
hardware 
data protection. 


The Write 
Protect 
pin allows 
normal 
read/write 
operations 
when connected 
to ground (GND). When the Write Protect 


pin is connected 
to V cc' the write 
protection 
feature 
is 


enabled and operates 
as shown in the following 
table. 


WPPin 
Part of the Array Protected 


Status 
24C02A 
24C04A 
24C08A 


AtVcc 
Upper Half 
Upper Half 
Full (8K) 


(1K) Array 
(2K) Array 
Array 


AtGND 
Normal ReadlWrite Operations 


Memory Organization 


AT24C02A, 
2K SERIAL 
EEPROM: 
Internall 
organized 


with 256 pages 
of 1-byte 
each, 
the 2K requi 
es an 8 bit 


data word address for random word addressin~ 


AT24C04A, 
4K SERIAL 
EEPROM: 
The 4K 
) internally 


organized 
with 256 pages of 2-bytes 
each. 
Rc 1dom word 
2 


addressing 
requires a 9 bit data word address. 


AT24C08A, 
8K SERIAL 
EEPROM: 
The 8K 
; internally 


organized 
with 
4 blocks 
of 256 pages 
of 4-1 ytes 
each. 


Random 
word 
addressing 
requires 
a 10 bit data 
word 


address. 


Pin Capacitance 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
C< 


Cvo 
Input/Output Capacitance (SDA) 
8 
pF 
\ 


CIN 
Input Capacitance (Ac, A1,A2, SCl) 
6 
pF 
, 


vo = OV 


IN=OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: TAl = -40°C to +85°e, 
Vcc = +1.8V to +5.5V, TAC = ooe to ~70oe, 
Vcc = +1.8V to +5.5V 
(unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


VCC1 
Supply Voltage 
1.8 
5.5 


VCC2 
Supply Voltage 
2.5 
5.5 


VCC3 
Supply Voltage 
2.7 
5.5 


VCC4 
Supply Voltage 
4.5 
5.5 


Icc 
Supply Current Vcc = 5.0V 
READ at 100 kHz 
0.4 
1.0 


Icc 
Supply Current Vcc = 5.0V 
WRITE at 100 kHz 
2.0 
3.0 


1581 
Standby Current Vcc = 1.8V 
VIN= Vcc or Vss 
0.6 
3.0 


1582 
Standby Current Vcc = 2.5V 
VIN= Vcc or Vss 
1.4 
4.0 


IsB3 
Standby Current Vcc = 2.7V 
VIN= Vcc or Vss 
1.6 
4.0 


IsB4 
Standby Current Vcc = 5.0V 
VIN= Vcc or Vss 
8.0 
18.0 


ILl 
Input leakage Current 
VIN= Vcc or Vss 
0.10 
3.0 


ILO 
Output leakage Current 
VOUT= Vccor Vss 
0.05 
3.0 


VIL 
Input low level (1) 
-0.6 
Vcc x 0.3 


VIH 
Input High level (1) 
Vcc xO.7 
Vcc + 0.5 


VOL2 
Output low level Vcc = 3.0V 
IOL=2.1 mA 
0.4 


Vou 
Output low level Vcc = 1.8V 
IOL= 0.15 mA 
0.2 


AlmEL 


AlmEL 


AC Characteristics 


Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 1 TTL Gate and 
100 pF (unless otherwise 
noted). 


2.7-,2.5-,1.S-volt 
5.0-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


fSCL 
Clock 
Frequency, 
SCL 
100 
400 
kHz 


tLOW 
Clock 
Pulse Width 
Low 
4.7 
1.2 
~s 


tHIGH 
Clock 
Pulse Width 
High 
4.0 
0.6 
~s 


tl 
Noise 
Suppression 
Time(l) 
100 
50 
ns 


tM 
Clock 
Low to Data Out Valid 
0.1 
4.5 
0.1 
0.9 
~s 


tSUF 
Time the bus must be free before 
4.7 
1.2 
a new transmission 
can start(l) 
~s 


tHO.STA 
Start 
Hold Time 
4.0 
0.6 
~s 


tSU.STA 
Start Set-up 
Time 
4.7 
0.6 
~s 


tHO.OAT 
Data In Hold Time 
0 
0 
~s 


tSU.DAT 
Data In Set-up 
Time 
200 
100 
ns 


tR 
Inputs 
Rise Time(l) 
1.0 
0.3 
~s 


tF 
Inputs 
Fall Time(l) 
300 
300 
ns 


tSU.STO 
Stop Set-up 
Time 
4.7 
0.6 
~s 


tOH 
Data Out Hold Time 
100 
50 
ns 


tWR 
Write 
Cycle Time 
10 
10 
ms 


Endurance(1) 
5.0V, 25°C, 
Page Mode 
1M 
1M 
Write 
Cycles 


Device Operation 


CLOCK 
and DATA TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external device. 
Data on the SDA 
pin may change 
only during SCL low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 
high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 
defined 
below. 


START 
CONDITION: 
A high-to-low 
transition 
of SDA with 
SCL high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCL high is a stop condition. 
After a read sequence, 
the 
stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in 8 bit words' 
The EEPROM 
sends 
a zero 
to acknowledge 
that 
it has 
received 
each word. This happens 
during 
the ninth clock 
cycle. 


STANDBY 
MODE: The AT24C02A104A108A 
features 
a low 
power standby 
mode which 
is enabled: 
(a) upon power-up 
and (b) after the receipt of the STOP bit and the completion 
of any internal operations. 
' 


MEMORY 
RESET: After an interruption 
in protocol, 
power 
loss or system reset, any 2-wire part can be reset by follow- 
ing these steps:(a) 
Clock up to 9 cycles, 
(b) look for SDA 
high in each cycle while SCL is high and then (c) create 
a 
start condition 
as SDA is high. 


STOP 
CONDITION 
START 
CONDITION 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the interval 
clear/write cycle. 
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Device Addressing 


The 2K, 4K and 8K EEPROM 
devices 
all require 
an 8 bit 
device 
address 
word following 
a start condition 
to enable 


the chip for a read or write operation 
(refer to Figure 1). 


The device 
address 
word 
consists 
of a mandatory 
one, 
zero sequence 
for the first 
four 
most 
significant 
bits as 


shown. This is common 
to all the EEPROM 
devices. 


The next 3 bits are the A2, A 1 and AD device 
address 
bits 
for the 2K EEPROM. 
These 3 bits must compare 
to their 
corresponding 
hard-wired 
input pins. 


The 4K EEPROM 
only uses the A2 and A1 device address 
bits with the third bit being a memory 
page address bit. The 
two device address 
bits must compare 
to their correspond- 
ing hard-wired 
input pins. The AD pin is no connect. 


The 8K EEPROM 
only uses the A2 device address 
bit with 
the next 2 bits being for memory 
page addressing. 
The A2 
bit must compare 
to its corresponding 
hard-wired 
input pin. 


The A 1 and AD pins are no connect. 


The eighth bit of the device address 
is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output a zero. If a compare 
is not made, the chip will return 
to a standby state. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
an 8 bit data 
word 
address 
following 
the 
device 
address 
word 
and 
acknowledgement. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again respond 
with a zero and then clock in 
the first 8 bit data word. 
Following 
receipt 
of the 8 bit data 
word, the EEPROM 
will output 
a zero and the addressing 
device, such as a microcontroller, 
must terminate 
the write 
sequence 
with a stop condition. 
At this time the EEPROM 
enters an internally-timed 
write cycle, tWR' to the nonvolatile 
memory. 
All inputs are disabled 
during this write cycle and 
the EEPROM 
will not respond 
until the write 
is complete 
(refer to Figure 2). 


PAGE WRITE: 
The 2K EEPROM 
is capable 
of an 8-byte 
page write, and the 4K and 8K devices 
are capable 
of 16- 
byte page writes. 


A page write 
is initiated 
the same as a byte write, 
but the 
microcontroller 
does not send a stop condition 
after the first 
data 
word 
is clocked 
in. 
Instead, 
after 
the 
EEPROM 
acknowledges 
receipt of the first data word, the microcon- 
troller 
can transmit 
up to seven 
(2K) or fifteen 
(4K, 8K) 
more data words. 
The EEPROM 
will respond 
with a zero 
after each data word 
received. 
The microcontroller 
must 
terminate 
the page write 
sequence 
with a stop condition 
(refer to Figure 3). 
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The data word address 
lower three 
(2K) or f 'ur (4K, 8K) 
bits are internally 
incremented 
following 
the re eipt of each 
data word. The higher data word address bits c re not incre- 
mented, 
retaining the memory page row locatit 
1. When the 
word 
address, 
internally 
generated, 
reach( 
s the 
page 
boundary, 
the following 
byte is placed at the 
eginning 
of 
the same page. If more than eight (2K) or sixlt en (4K, 8K) 
2 


data words are transmitted 
to the EEPROM, 
It 3 data word 
address 
will "roll over" and previous 
data will 
le overwrit- 
ten. 


ACKNOWLEDGE 
POLLING: 
Once 
the inte 
nally-timed 
write 
cycle 
has started 
and the EEPROM 
in~ ltS are dis- 
abled, 
acknowledge 
polling 
can be initiated. 
T lis involves 
sending 
a start condition 
followed 
by the dev :e address 
word. The read/write 
bit is representative 
of tt- 3 operation 
desired. 
Only if the internal 
write cycle has co npleted will 
the EEPROM 
respond 
with a zero allowing 
he read 
or 
write sequence 
to continue. 


Read Operations 


Read operations 
are initiated the same way as 
irite opera- 
tions with the exception 
that the read/write 
sell :t bit in the 
device 
address 
word 
is set to one. There 
are three 
read 
operations: 
current 
address 
read, 
random 
ac jress 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 
address 
counter 
maintains 
the last address 
aCt essed dur- 
ing the last read or write 
operation, 
incremen 
3d by one. 


This address 
stays valid between 
operations 
as ong as the 
chip power 
is maintained. 
The address 
"roll 0 fer" during 
read is from the last byte of the last memory 
I age to the 
first byte of the first page. The address 
"roll 0 'er" during 
write 
is from 
the last byte of the current 
page to the first 
byte of the same page. 


Once the device 
address 
with the read/write 
Sl lect bit set 
to one is clocked 
in and acknowledged 
by the EEPROM, 


the current 
address 
data word is serially 
c10ckl d out. The 
microcontroller 
does 
not respond 
with an inp 
t zero 
but 
does generate 
a following 
stop condition 
(refer It Figure 4). 


RANDOM 
READ: A random 
read requires 
a "dL 'llmy" byte 
write sequence 
to load in the data word addresl 
. Once the 
device address word and data word address are clocked 
in 
and acknowledged 
by the EEPROM, 
the micr Icontroller 
must generate 
another 
start condition. 
The mici Jcontroller 
now initiates 
a current 
address 
read by sendin 
1 a device 
address 
with the read/write 
select 
bit high. The EEPROM 
acknowledges 
the device 
address 
and serially 
;Iocks 
out 
the data word. The microcontroller 
does not res~ Jnd with a 
zero but does generate 
a following 
stop conditil 
n (refer to 
Figure 5). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are i itiated 
by 
either 
a current 
address 
read or a random 
adc 'ess read. 


After the microcontroller 
receives 
a data word, 
i responds 
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with an acknowledge. 
As long as the EEPROM 
receives an 


acknowledge, 
it will continue 
to increment 
the data word 
address and serially clock out sequential 
data words. When 
the 
memory 
address 
limit 
is reached, 
the 
data 
word 


Figure 1. Device Address 


address 
will "roll over" 
and the sequential 
read will con- 


tinue. 
The sequential 
read operation 
is terminated 
when 
the microcontroller 
does not respond 
with a zero but does 
generate 
a following 
stop condition 
(refer to Figure 6). 


WORD ADDRESS 
DATA 


m::::: 
w::::::: 
U::::::: 
LD 


LRA 
M 
S / C 
S 
BW 
K 
B 


L 
A 
S 
C 
B 
K 


DlJ1I:J1J:::::::m 


L R 
A 
~W~ 


Figure 5. Random 
Read 


S 
W 
S 
T 
R 
T 
R 
A 
I 
A 
DEVICE 
E 
R 
DEVICE 
T 
WORD 
R 
ADDRESS 
A 
T 
ADDRESS 
E 
ADDRESS 
n 
T 
D 


SDA LINE DlJll::lL1 :::::::LOlJ1CJlJ :::::::11] 


M 
LRA 
M 
LA 
S 
SI 
C 
S 
SC 
_B 
B_W_K--B-----B 
IK 


I 


DUMMY 
WRITE 


Figure 6. Sequential 
Read 


R 
E 
DEVICE 
A 
ADDRESS 
D 


SDA LINE 
~ ~ ~ : II:::::::u :::::::u :::::::u :::::::m 


RA 
I C 
WK 
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tWR (max) 
Ice (max) 
IS8 (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C02A-10PC 
8P3 
Commercial 


AT24C02AN-10SC 
8S1 
(O°C to 70°C) 


AT24C02A-10SC 
14S 


AT24C02A-10TC 
8T 


3000 
18 
400 
AT24C02A-10PI 
8P3 
Industrial 


AT24C02AN-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C02A-10SI 
14S 


AT24C02A-10TI 
8T 


10 
1500 
4 
100 
AT24C02A-1 
OPC-2. 7 
8P3 
Commercial 


AT24C02AN-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C02A-1 
OSC-2. 7 
14S 


AT24C02A-1 
OTC-2. 7 
8T 


1500 
4 
100 
AT24C02A-10PI-2.7 
8P3 
Industrial 


AT24C02AN-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C02A-1 
OSI-2.7 
14S 


AT24C02A-1 
OTI-2.7 
8T 


10 
1000 
4 
100 
AT24C02A-10PC-2.5 
8P3 
Commercial 


AT24C02AN-10SC-2.5 
8S1 
(O°C to 70°C) 


AT24C02A-10SC-2.5 
14S 


AT24C02A-10TC-2.5 
8T 


1000 
4 
100 
AT24C02A-10PI-2.5 
8P3 
Industrial 


AT24C02AN-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


AT24C02A-10SI-2.5 
14S 


AT24C02A-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C02A-10PC-1.8 
8P3 
Commercial 


AT24C02AN-10SC-1.8 
8S1 
(O°C to 70°C) 


AT24C02A-10SC-1.8 
14S 


AT24C02A-10TC-1.8 
8T 


800 
3 
100 
AT24C02A-10PI-1.8 
8P3 
Industrial 


AT24C02AN-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT24C02A-10SI-1.8 
14S 


AT24C02A-10TI-1.8 
8T 


Package 
Type 


SP3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOl C) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 5.5V) 


tWR 
(max) 
lee (max) 
ISB (max) 
fMAX 
(ms) 
(IIA) 
(IIA) 
(kHz) 
Ordering 
Code 
Package 
Oper~ 
i 


10 
3000 
18 
400 
AT24C04A-10PC 
8P3 
Co 
1 


AT24C04AN-10SC 
8S1 
(Oo( t 


AT24C04A-10SC 
14S 


AT24C04A-10TC 
8T 


3000 
18 
400 
AT24C04A-10PI 
8P3 
In 


AT24C04AN-10SI 
8S1 
(-40° 
; 


AT24C04A-10SI 
14S 


AT24C04A-l0TI 
8T 


10 
1500 
4 
100 
AT24C04A-l 
OPC-2.7 
8P3 
Cor 


AT24C04AN-10SC-2.7 
8S1 
(O°C t 


AT24C04A-l 
OSC-2. 7 
14S 


AT24C04A-10TC 
8T 


1500 
4 
100 
AT24C04A-1 
OPI-2.7 
8P3 
In< 


AT24C04AN-10SI-2.7 
8S1 
(-400( 


AT24C04A-l0SI-2.7 
14S 


AT24C04A-l 
OTI-2. 7 
8T 


10 
1000 
4 
100 
AT24C04A-l0PC-2.5 
8P3 
Con 


AT24C04AN-10SC-2.5 
8S1 
(O°C 


AT24C04A-l0SC-2.5 
14S 


AT24C04A-10TC-2.5 
8T 


1000 
4 
100 
AT24C04A-l0PI-2.5 
8P3 
Inc 


AT24C04AN-l0SI-2.5 
8S1 
(-400( 


AT24C04A-l0SI-2.5 
14S 


AT24C04A-l0TI-2.5 
8T 


10 
800 
3 
100 
AT24C04A-l0PC-l.8 
8P3 
Corr 


AT24C04AN-1 
OSC-1 .8 
8S1 
(O°C 


AT24C04A-10SC-1.8 
14S 


AT24C04A-10TC-l.8 
8T 


800 
3 
100 
AT24C04A-10PI-l.8 
8P3 
Ind 


AT24C04AN-l0SI-l.8 
8S1 
(-40°C 


AT24C04A-l0SI-l.8 
14S 


AT24C04A-l 
OTI-1 .8 
8T 


on Range 


mercial 


o 70°C) 


ustrial 


to 85°C) 


mercial 


o 70°C) 


Jstrial 


to 85°C) 


'nercial 


o 70°C) 


Jstrial 


to 85°C) 


nercial 


) 70°C) 


strial 


to 85°C) 


Package 
Type 


8P3 
8-Lead. 
0.300" 
Wide. 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead. 
0.150" 
Wide. 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


145 
14-Lead. 
0.150" 
Wide. 
Plastic 
Gull Wing 
Small 
Outline 
(SOl C) 


8T 
8-Lead, 
0.170" 
Wide. 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 5.5V) 
AlmEL 
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tWR (max) 
Ice (max) 
ISB (max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHZ) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C08A-10PC 
8P3 
Commercial 


AT24C08AN-10SC 
8S1 
(O°C to 70°C) 


AT24C08A-10SC 
14S 


AT24C08A-10TC 
8T 


3000 
18 
400 
AT24C08A-10PI 
8P3 
Industrial 


AT24C08AN-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C08A-10SI 
14S 


AT24C08A-10TI 
8T 


10 
1500 
4 
100 
AT24C08A-1 
OPC-2.7 
8P3 
Commercial 


AT24C08AN-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C08A-1 
OSC-2. 7 
14S 


AT24C08A-10TC-2.7 
8T 


1500 
4 
100 
AT24C08A-1 
OPI-2. 7 
8P3 
Industrial 


AT24C08AN-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C08A-1 
OSI-2. 7 
14S 


AT24C08A-1 
OTI-2. 7 
8T 


10 
1000 
4 
100 
AT24C08A-10PC-2.5 
8P3 
Commercial 


AT24C08AN-10SC-2.5 
8S1 
(O°C to 70°C) 


AT24C08A-10SC-2.5 
14S 


AT24C08A-10TC-2.5 
8T 


1000 
4 
100 
AT24C08A-10PI-2.5 
8P3 
Industrial 


AT24C08AN-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


AT24C08A-10SI-2.5 
14S 


AT24C08A-10TI-2.5 
8T 


10 
800 
3 
100 
AT24C08A-10PC-1.8 
8P3 
Commercial 


AT24C08AN-10SC-1.8 
8S1 
(O°C to 70°C) 


AT24C08A-10SC-1.8 
14S 


AT24C08A-10TC-1.8 
8T 


800 
3 
100 
AT24C08A-10PI-1.8 
8P3 
Industrial 


AT24C08AN-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT24C08A-10SI-1.8 
14S 


AT24C08A-10TI-1.8 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 5.5V) 


• Low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 
- 1.8 (Vcc = 1.8V to 5.5V) 


• Internally Organized 2048 x 8 (16K) 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
• Write Protect Pin for Hardware Data Protection 
• Cascadable Feature Allows for Extended Densities 
• 16-Byte Page Write Mode 
• Partial Page Writes Are Allowed 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>3,OOOV 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin JEDEC SOIC and 8-Pin PDIP Packages 


Description 


The AT24C164 
provides 
16,384 bits of serial electrically 
erasable 
and programmable 


read only memory 
(EEPROM) 
organized 
as 2048 words of 8 bits each. The device's 


cascadable 
feature 
allows 
up to eight devices 
to share 
a common 
2-wire 
bus. The 


device is optimized 
for use in many industrial 
and commercial 
applications 
where low 


power and low voltage 
operation 
are essential. 
The AT24C164 
is available 
in space 


saving 8-pin PDIP and 8-pin SOIC packages 
and is accessed 
via a 2-wire serial inter- 


face. 
In addition, 
this device 
is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 
2.5V (2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions. 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


AOOs 
VCC 
A1 
2 
7 
WP 


A2 
3 
6 
SCL 


GND 
4 
5 
SDA 


AO 


A1 


A2 


GND 


A1IDEL 


VCC 


WP 
SCL 
SDA 


2-Wire Se rial 
EEPROM 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


vcc __ 


GND __ 


WP 


SCL 


SDA 


START 
STOP 
LOGIC 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 
edge clock 
data into each 
EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA (SDA): 
The 
SDA 
pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven 
and may 
be wire-ORed 
with any number of other open-drain 
or open 
collector 
devices. 


DEVICE 
SELECT 
(A2, 
A1, AO): The A2, A1 and AO pins 
are device address 
inputs that may be hardwired 
or actively 
driven 
to V DO or V ss. These 
inputs allow the selection 
for 
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'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


one of eight possible 
devices 
sharing 
a common 
bus. The 
AT24C164 
can be made compatible 
with the AT24C16 
by 
tying A2, A 1 and AO to Vss. Device addressing 
is discussed 
in detail in the device addressing 
section. 


WRITE 
PROTECT 
(WP): The write protect input, when tied 
low to GND, allows normal write operations. 


Memory Organization 


The AT24C164 
is internally 
organized 
with 256 pages 
of 
8 bytes each. Random 
word addressing 
requires 
an 11 bit 
data word address. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°e, 
f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 


Cvo 
InpuVOutput Capacitance (SDA) 
8 
pF 


C1N 
Input Capacitance (A". A" A2•SCl) 
6 
pF 


VI/O= OV 


V1N=OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40oe to +85°e, 
Vcc = +1.8V to +5.5V, 
TAC = ooe 1) +70oe, 
Vcc = + 1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


Vcc, 
Supply Voltage 
1.8 
5.5 
V 


VCC2 
Supply Voltage 
2.5 
5.5 
V 


VCC3 
Supply Voltage 
2.7 
5.5 
V 


VCC4 
Supply Voltage 
4.5 
5.5 
V 


Icc 
Standby Current Vcc = 5.0V 
READ at 100 kHz 
0.4 
1.0 
mA 


Icc 
Standby Current Vcc = 5.0V 
WRITE at 100 kHz 
2.0 
3.0 
mA 


ISB1 
Standby Current Vcc = 1.8V 
V1N= Vcc or Vss 
0.6 
3.0 
I 
~A 


ISB2 
Standby Current Vcc = 2.5V 
V1N= Vcc or Vss 
1.4 
4.0 
~A 


ISB3 
Standby Current Vcc = 2.7V 
V1N= Vcc or Vss 
1.6 
4.0 
~A 


ISB4 
Standby Current Vcc = 5.0V 
V1N= Vcc or Vss 
8.0 
18.0 
~ 


III 
Input leakage Current 
V1N= Vcc or Vss 
0.10 
3.0 
~A 


ILO 
Output leakage Current 
VOUT=Vcc or Vss 
0.05 
3.0 
~A 


V1L 
Input low levell') 
-0.6 
Vcc x 0.3 
V 


V1H 
Input High levell') 
Vcc x 0.7 
Vcc+ 0.5 
V 


VOL2 
Output low level Vcc = 3.0V 
IOL= 2.1 mA 
0.4 
V 


VOL1 
Output low level Vcc = 1.8V 
IOL= 0.15 mA 
0.2 
V 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, 
Vcc = +1.8V to +5.5V, 
Cl = 1 TTl 
Gate and 
100 pF (unless otherwise 
noted). 


2.7-,2.5-,1.8-volt 
5.0-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


fSel 
Clock 
Frequency, 
SCL 
100 
400 
kHz 


tLOW 
Clock 
Pulse Width 
Low 
4.7 
1.2 
Jls 


tHIGH 
Clock 
Pulse Width 
High 
4.0 
0.6 
JlS 


tl 
Noise 
Suppression 
Time(1) 
100 
50 
ns 


tAA 
Clock 
Low to Data Out Valid 
0.1 
4.5 
0.1 
0.9 
Jls 


tauF 
Time the bus must be free before 
a new transmission 
can 
4.7 
1.2 
start(1) 
Jls 


tHO.STA 
Start 
Hold Time 
4.0 
0.6 
Jls 


tSU.STA 
Start 
Set-up 
Time 
4.7 
0.6 
Jls 


tHO.OAT 
Data In Hold Time 
0 
0 
Jls 


tSU.OAT 
Data In Set-up 
Time 
200 
100 
ns 


tR 
Inputs 
Rise Time(1) 
1.0 
0.3 
Jls 


tF 
Inputs 
Fall Time(1) 
300 
300 
ns 


tSU.STO 
Stop Set-up 
Time 
4.7 
0.6 
Jls 


tOH 
Data Out Hold Time 
100 
50 
ns 


tWR 
Write 
Cycle Time 
10 
10 
ms 


Endurance(1) 
5.0V, 25°C, 
Page Mode 
1M 
1M 
Write 
cycles 


Device Operation 


CLOCK 
and 
DATA 
TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external device. 
Data on the SDA 


pin may change 
only during SCl 
low time periods 
(refer to 


Data Validity 
timing 
diagram). 
Data changes 
during 
SCl 


high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 


defined 
below. 


START 
CONDITION: 
A high-to-Iow 
transition 
of SDA with 


SCl 
high is a start condition 
which must precede 
any other 


command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCl 
high is a stop condition. 
After 
a read sequence, 
the 


stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 


ally transmitted 
to and from the EEPROM 
in 8-bit words. 


The 
EEPROM 
sends 
a zero to acknowledge 
that 
it has 
received 
each word. This happens 
during 
the ninth clock 


cycle. 


STANDBY 
MODE: 
The AT24C164 
features 
a low power 
standby 
mode which 
is enabled: 
a) upon power-up 
and b) 


after the receipt of the STOP bit and the completion 
of any 
internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system reset, the AT24C164 
can be reset by follow- 
ing these steps: 


(a) Clock up to 9 cycles, (b) look for SDA high in each cycle 
while 
SCl 
is high and then (c) create 
a start condition 
as 


SDA is high. 


Bus Timing 
SCl: Serial Clock, SDA: Serial Data I/O 


Write Cycle Timing 
SCl: Serial Clock, SDA: Serial Data I/O 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal cle Ir/write 
cycle. 
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Device Addressing 


The AT24C164 
requires 
an B-bit device 
address 
word fol- 
lowing a start condition 
to enable the chip for read or write 
operations 
(refer to Figure 1). The most significant 
bit must 
be a one followed 
by the A2, A1 and AO device 
select bits 
(the A1 bit must be the compliment 
of the A1 input pin sig- 
nal). The next 3 bits are used for memory 
block addressing 
and select one of the eight 256 x B memory 
blocks. These 
bits should 
be considered 
the three most significant 
bits of 
the data word address. 
The eighth bit of the device address 
is the read/write 
select 
bit. A read operation 
is selected 
if 
this bit is high or a write operation 
is selected 
if this bit is 
low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output a zero. If a compare 
is not made, the chip will return 
to a standby 
state. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
an B-bit data 
word 
address 
following 
the 
device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again respond 
with a zero and then clock in 
the first B-bit data word. 
Following 
receipt 
of the a-bit data 
word, the EEPROM 
will output 
a zero and the addressing 
device, 
such as a microcontroller, 
must terminate 
the write 
sequence 
with a stop condition. 
At this time the EEPROM 
enters an internally-timed 
write cycle, tWR' to the nonvolatile 
memory. 
All inputs are disabled 
during this write cycle and 
the EEPROM 
will not respond 
until the write 
is complete 
(refer to Figure 2). 


PAGE WRITE: 
The AT24C164 
is capable 
of a 16-byte 
page write. 
A page write 
is initiated 
the same 
as a byte 
write, 
but the microcontroller 
does not send a stop condi- 
tion after the first data word is clocked 
in. Instead, after the 
EEPROM 
acknowledges 
receipt 
of the first data word, the 
microcontroller 
can transmit 
up to fifteen 
more data words. 
The 
EEPROM 
will 
respond 
with 
a zero 
after 
each 
data 
word 
received. 
The 
microcontroller 
must 
terminate 
the 
page 
write 
sequence 
with 
a stop 
condition 
(refer 
to 
Figure 3). 


The data word 
address 
lower 
4 bits are internally 
incre- 
mented following 
the receipt of each data word. The higher 
data word address 
bits are not incremented 
retaining 
the 
memory 
page row location. 
When the word address, 
inter- 
nally generated, 
reaches 
the page boundary, 
the following 
byte is placed 
at the beginning 
of the same 
page. If more 
than sixteen 
data words 
are transmitted 
to the EEPROM, 
the data word address will "roll over" and previous 
data will 
be overwritten. 
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ACKNOWLEDGE 
POLLING: 
Once 
the inte 
nally-timed 
write 
cycle 
has started 
and the EEPROM 
inl uts are dis- 
abled, acknowledge 
polling 
can be initiated. 
1 his involves 
sending 
a start condition 
followed 
by the de\ 
ce address 
word. The read/write 
bit is representative 
of II e operation 
desired. 
Only if the internal 
write cycle has cc npleted 
will 
the EEPROM 
respond 
with 
a zero 
allowing 
:he read or 
write sequence 
to continue. 


Read Operations 


Read operations 
are initiated the same way as "rite opera- 
tions with the exception 
that the read/write 
seil ct bit in the 
device 
address 
word 
is set to one. There 
arE three 
read 
operations: 
current 
address 
read, 
random 
ac dress 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 
address 
counter 
maintains 
the last address 
ac essed dur- 
ing the last read or write 
operation, 
incremen 
ed by one. 


This address stays valid between 
operations 
as long as the 
chip power 
is maintained. 
The address 
"roll 
C fer" during 
read is from the last byte of the last memory 
,age to the 
first byte of the first 
page. The address 
"roll 
C fer" during 
write is from the last byte of the current page to 'irst by1e of 
the same page. 


Once the device 
address 
with the read/write 
s lect bit set 
to one is clocked 
in and acknowledged 
by the EEPROM, 
the current 
address 
data word is serially 
clock( d out. The 
microcontroller 
does 
not respond 
with an inp It zero 
but 
does generate 
a following 
stop condition 
(refer t ' Figure 4). 


RANDOM 
READ: A random read requires 
a "dl mmy" by1e 
write sequence 
to load in the data word add res: . Once the 
device address word and data word address 
are: clocked 
in 
and acknowledged 
by the EEPROM, 
the micr lcontroller 
must generate 
another 
start condition. 
The mic )controller 
now initiates 
a current 
address 
read by sendir 
] a device 
address 
with the read/write 
select 
bit high. ThE EEPROM 
acknowledges 
the device 
address 
and serially 
~Iocks out 
the data word. The microcontroller 
does not res~ ::>ndwith a 
zero but does generate 
a following 
stop conditic n (refer to 
Figure 5). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are i itiated 
by 
either 
a current 
address 
read or a random 
adc 'ess read. 
After the microcontroller 
receives 
a data word, i responds 
with an acknowledge. 
As long as the EEPROM 
r 'ceives an 
acknowledge, 
it will continue 
to increment 
the 
lata word 
address and serially clock out sequential 
data wo 'ds. When 
the 
memory 
address 
limit 
is reached, 
the 
c ata word 
address 
will "roll over" 
and the sequential 
rea 
will con- 
tinue. 
The sequential 
read operation 
is termine ted when 
the microcontroller 
does not respond 
with a zen 
but does 
generate 
a following 
stop condition 
(refer to Figu 36). 
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Figure 5. Random Read 
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tWR (max) 
lee (max) 
ISB (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
18 
400 
AT24C164-10PC 
8P3 
Commercial 


AT24C164-10SC 
8S1 
(O°C to 70°C) 


3000 
18 
400 
AT24C164-10PI 
8P3 
Industrial 


AT24C164-10SI 
8Sl 
(-40°C 
to 85°C) 


10 
1500 
4 
100 
AT24C164-1 
OPC-2. 7 
8P3 
Commercial 


AT24C164-1 
OSC-2. 7 
8Sl 
(O°C to 70°C) 


1500 
4 
100 
AT24C164-10PI-2.7 
8P3 
Industrial 


AT24C164-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


10 
1000 
4 
100 
AT24C164-10PC-2.5 
8P3 
Commercial 


AT24C164-10SC-2.5 
8S1 
(O°C to 70°C) 


1000 
4 
100 
AT24C164-10PI-2.5 
8P3 
Industrial 


AT24C164-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


10 
800 
4 
100 
AT24C164-10PC-1.8 
8P3 
Commercial 


AT24C164-10SC-1.8 
8S1 
(O°C to 70°C) 


800 
4 
100 
AT24C164-10PI-1.8 
8P3 
Industrial 


AT24C164-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8 Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8 Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 5.5V) 


• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vee = 4.5V to 5.5V) 
- 2.7 (Vee = 2.7V to 5.5V) 
- 2.5 (Vee = 2.5V to 5.5V) 
- 1.a (Vee = 1.av to 5.5V) 
• Low-Power Devices (ISB= 2 ~A @ 5.5V) Available 
• Internally Organized 4096 x a, a192 x a 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 100 kHz (1.aV, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
• Write Protect Pin for Hardware Data Protection 
• 32-Byte Page Write Mode (Partial Page Writes Allowed) 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>3,000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• a-Pin JEDEC PDIP, a-Pin and 14-Pin JEDEC SOIC, B-Pin EIAJ SOIC, 
and a-pin TSSOP Packages 


Description 


The AT24C32/64 
provides 
32,768/65,536 
bits of serial electrically 
erasable 
and pro- 


grammable 
read only memory 
(EEPROM) 
organized 
as 4096/8192 
words 
of 8 bits 


each. The device's 
cascadable 
feature 
allows up to 8 devices 
to share a common 
2- 


wire bus. The device 
is optimized 
for use in many industrial 
and commercial 
applica- 
tions where 
low power 
and low voltage 
operation 
are essential. 
The AT24C32/64 
is 


available 
in space 
saving 
8-pin JEDEC 
PDIP, 8-pin and 14-pin JEDEC 
SOIC, 
8-pin 


EIAJ SOIC, and 8-pin TSSOP 
packages 
and is accessed 
via a 2-wire serial interface. 
In addition, 
the entire family 
is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 
2.5V (2.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions. 


AOOs 
VCC 
A1 
2 
7 
WP 
A2 
3 
6 
SCL 
GND 
4 
5 
SDA 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCl 
Serial Clock Input 


WP 
Write Protect 


14-Pin SOIC 


NC 
1 
14 
NC 
AO 
2 
13 
VCC 
A1 
3 
12 
WP 
NC 
4 
11 
NC 
A2 
5 
10 
SCL 
GND 
6 
9 
SDA 
NC 
7 
S 
NC 


8-Pin SOIC 
AOOS 
VCC 
A1 
2 
7 
WP 
A2 
3 
6 
SCL 
GND 
4 
5 
SDA 
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Absolute 
Maximum 
Ratings* 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


Maximum Operating Voltage 
6.25V 


DC Output Curren!... 
5.0 mA 


wp 
vcc __ 


GND __ 
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'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings· may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability. 


Pin Description 


SERIAL 
CLOCK 
(SCl): 
The SCL input is used to positive 


edge clock 
data into each EEPROM 
device 
and negative 


edge clock data out of each device. 


SERIAL 
DATA (SDA): 
The 
SDA pin is bidirectional 
for 


serial data transfer. 
This pin is open-drain 
driven and may 


be wire-ORed 
with any number of other open-drain 
or open 
collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A2, 
A 1, AD): The A2, A 1 


and AO pins are device 
address 
inputs that are hard wired 


or left 
not 
connected 
for 
hardware 
compatibility 
with 


AT24C16. 
When the pins are hardwired, 
as many as eight 


32K164K devices 
may be addressed 
on a single 
bus sys- 
tem (device 
addressing 
is discussed 
in detail 
under 
the 


Device 
Addressing 
section). 
When the pins are not hard- 


wired, the default A2, A1, and Ao are zero. 


WRITE 
PROTECT 
(WP): The write protect input, when tied 
to GND, allows 
normal 
write operations. 
When 
WP is tied 
high to V cc, all write 
operations 
to the upper 
quandrant 
(8/16K 
bits) of memory 
are inhibited. 
If left unconnected, 


WP is internally 
pulled down to GND. 


Memory Organization 


AT24C32164, 
32K164K SERIAL 
EEPROM: 
The 32K164K is 


internally 
organized 
as 256 pages of 32 bytes each. 
Ran- 


dom 
word 
addressing 
requires 
a 12/13 
bit data 
word 
address. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from T A = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
C· 


Cvo 
InpuVOutput Capacitance (SDA) 
8 
pF 
, 


C1N 
Input Capacitance (Ao,A" A2•SCL) 
6 
pF 
\ 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = ·40oe to +85°e, 
Vcc = +1.8V to +5.5V, 
T AC = ooe to ~70oe, 
Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


VCC1 
Supply Voltage 
1.8 
5.5 


VCC2 
Supply Voltage 
2.5 
5.5 


VCC3 
Supply Voltage 
2.7 
5.5 


VCC4 
Supply Voltage 
4.5 
5.5 


ICC1 
Supply Current 
Vcc= 5.0V 
READ at 100 kHz 
0.4 
1.0 


Icc2 
Supply Current 
Vcc = 5.0V 
WRITE at 100 kHz 
2.0 
3.0 


Standby Current 
Vcc = 1.8V 
0.1 


IS81 
(l.8Voption) 
Vcc= 5.5V 


VIN= Vcc or Vss 
2.0 


Standby Current 
Vcc= 2.5V 
0.5 
IS82 
(2.5V option) 
Vcc= 5.5V 


VIN= Vcc or Vss 
2.0 


Standby Current 
Vcc = 2.7V 
0.5 
IS83 
(2.7Voption) 
Vcc= 5.5V 
VIN= Vcc orVss 
2.0 


IS84 
Standby Current 
Vcc = 4.5 - 5.5V 
VIN= Vcc or Vss 
20 
35 
(5Voption) 


III 
Input Leakage 
VIN= VccorVss 
0.10 
3.0 
Current 


ILO 
Output Leakage 
VOUT=VCCorVss 
0.05 
3.0 
Current 


V1L 
Input Low Level(l) 
-0.6 
Vcc xO.3 


V1H 
Input High Level(l) 
Vcc x 0.7 
Vcc+ 0.5 


VOL2 
Output Low Level 
Vcc= 3.0V 
IOL= 2.1 mA 
0.4 


VOL1 
Output Low Level 
Vcc= 1.8V 
IOL= 0.15 mA 
0.2 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +B5°C, Vcc = +1.BV to +5.5V, CL = 1 TTL Gate and 100 
pF (unless otherwise 
noted). 


1.8-volt 
2.7-,2.S-volt 
S.O-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


fscL 
Clock 
Frequency, 
SCL 
100 
100 
400 
kHz 


tLOw 
Clock 
Pulse Width 
Low 
4.7 
4.7 
1.2 
IlS 


tHIGH 
Clock 
Pulse Width 
High 
4.0 
4.0 
0.6 
Ils 


tl 
Noise 
Suppression 
Time(l) 
100 
100 
50 
ns 


tAA 
Clock 
Low to Data Out Valid 
0.1 
4.5 
0.1 
4.5 
0.1 
0.9 
Ils 


tauF 
Time 
the bus must be free 
4.7 
4.7 
1.2 
before 
a new transmission 
can start(l) 
IlS 


~O.STA 
Start 
Hold Time 
4.0 
4.0 
0.6 
IlS 


tSU.STA 
Start 
Set-up 
Time 
4.7 
4.7 
0.6 
IlS 


tHO.OAT 
Data In Hold Time 
0 
0 
0 
IlS 


tSU.OAT 
Data In Set-up 
Time 
200 
200 
100 
ns 


tR 
Inputs 
Rise Time(1) 
1.0 
1.0 
0.3 
Ils 


tF 
Inputs 
Fall Time(1) 
300 
300 
300 
ns 


tSU.STO 
Stop Set-up 
Time 
4.7 
4.7 
0.6 
Ils 


IoH 
Data Out Hold Time 
100 
100 
50 
ns 


tWR 
Write 
Cycle Time 
20 
10 
10 
ms 


Endurance(l) 
5.0V. 25°C, 
Page Mode 
1M 
1M 
1M 
Write 
Cycles 


Device Operation 


CLOCK 
and 
DATA 
TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external 
device. Data on the SDA 


pin may change 
only during 
SCL low time periods 
(refer to 


Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 


high 
periods 
will 
indicate 
a start 
or stop 
condition 
as 


defined 
below. 


START 
CONDITION: 
A high-to-Iow 
transition 
of SDA with 


SCL high is a start condition 
which must precede any other 


command 
(refer 
to Start 
and 
Stop 
Definition 
timing 
dia- 


gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 


SCL high is a stop condition. 
After a read sequence, 
the 


stop command 
will place the EEPROM 
in a standby 
power 


mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in B-bit words. 


The EEPROM 
sends a zero during the ninth clock cycle to 


acknowledge 
that it has received 
each word. 


STANDBY 
MODE: 
The AT24C32/64 
features 
a low power 


standby 
mode which 
is enabled: 
a) upon power-up 
and b) 


after the receipt of the STOP bit and the completion 
of any 
internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 


loss or system reset, any 2-wire part can be reset by follow- 
ing these steps: 


(a) Clock up to 9 cycles, (b) look for SDA high in each cycle 
while 
SCL is high and then (c) create 
a start condition 
as 


SDA is high. 


Bus Timing 
SCl: 
Serial Clock, SDA: Serial Data I/O 


Write Cycle Timing 
SCl: 
Serial Clock, SDA: Serial Data I/O 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal clea Iwrite 
cycle. 
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Device Addressing 


The 32K164K 
EEPROM 
requires 
an 8-bit device 
address 


word following 
a start condition 
to enable the chip for a read 


or write operation 
(refer to Figure 
1). The device 
address 


word consists 
of a mandatory 
one, zero sequence 
for the 


first four most significant 
bits as shown. This is common 
to 


all 2-wire EEPROM 
devices. 


The 32K164K uses the three device address bits A2, A 1, AO 
to allow as many as eight devices on the same bus. These 
bits must compare 
to their corresponding 
hardwired 
input 


pins. The A2, A 1, and AO pins use an internal 
proprietary 


circuit 
that biases 
them to a logic low condition 
if the pins 


are allowed to float. 


The eighth bit of the device address is the read/write 
opera- 


tion select bit. A read operation 
is initiated 
if this bit is high 


and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 


output 
a zero. 
If a compare 
is not made, 
the device 
will 


return to standby 
state. 


NOISE 
PROTECTION: 
Special 
internal 
circuitry 
placed on 


the SDA and SCL pins 
prevent 
small 
noise 
spikes 
from 


activating 
the device. 
A low-Vcc 
detector 
(5-volt 
option) 


resets the device to prevent data corruption 
in a noisy envi- 
ronment. 


DATA SECURITY: 
The AT24C32/64 
has a hardware 
data 


protection 
scheme 
that allows the user to write protect the 


upper quadrant 
(8/16K bits) of memory 
when the WP pin is 


atVcc· 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
two 8-bit data 


word 
addresses 
following 
the device 
address 
word 
and 


acknowledgment. 
Upon 
receipt 
of this 
address, 
the 


EEPROM 
will again 
respond 
with a zero and then clock in 


the first 8-bit data word. 
Following 
receipt of the 8-bit data 


word, the EEPROM 
will output 
a zero and the addressing 


device, 
such as a microcontroller, 
must terminate 
the write 


sequence 
with a stop condition. 
At this time the EEPROM 


enters an internally-timed 
write cycle, tWR' to the nonvolatile 


memory. 
All inputs are disabled 
during this write cycle and 


the EEPROM 
will not respond 
until the write 
is complete 


(refer to Figure 2). 


PAGE WRITE: 
The 32K164K 
EEPROM 
is capable 
of 32- 


byte page writes. 


A page write is initiated 
the same way as a byte write, but 


the microcontroller 
does not send a stop condition 
after the 
first data word 
is clocked 
in. Instead, 
after the EEPROM 
acknowledges 
receipt 
of the first data word, the microcon- 


troller 
can 
transmit 
up to 31 more 
data 
words. 
The 
EEPROM 
will respond 
with a zero after 
each data word 


received. 
The 
microcontroller 
must 
terminate 
the page 


write sequence 
with a stop condition 
(refer to Figure 3). 
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The data word 
address 
lower 
5 bits are inlE rnally 
incre- 


mented following 
the receipt of each data won . The higher 


data word address 
bits are not incremented, 
etaining 
the 


memory 
page row location. 
When the word a( dress, 
inter- 


nally generated, 
reaches 
the page boundary, 
he following 


byte is placed 
at the beginning 
of the same ~ 1ge. If more 


than 32 data words 
are transmitted 
to the EI :PROM, 
the 
• 
data word address 
will "roll over" and previout 
data will be 


ove rwritten. 


ACKNOWLEDGE 
POLLING: 
Once 
the inte 
nally-timed 


write 
cycle 
has started 
and the EEPROM 
in~ uts are dis- 


abled, 
acknowledge 
polling 
can be initiated. 
1 lis involves 


sending 
a start condition 
followed 
by the de" ce address 


word. The read/write 
bit is representative 
of II e operation 


desired. 
Only if the internal 
write cycle has co npleted 
will 


the EEPROM 
respond 
with a zero, 
allowing 
:he read or 


write sequence 
to continue. 


Read Operations 


Read operations 
are initiated the same way as 
vrite opera- 


tions with the exception 
that the read/write 
sell ct bit in the 


device 
address 
word 
is set to one. There 
are three 
read 


operations: 
current 
address 
read, 
random 
a< ::lress read 


and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 


address 
counter 
maintains 
the last address 
ac< essed dur- 


ing the last read or write 
operation, 
incremen 
~d by one. 


This address 
stays valid between 
operations 
as ong as the 


chip power 
is maintained. 
The address 
"roll 0 'er" during 


read is from the last byte of the last memory 
p 1ge, to the 


first byte of the first page. The address 
"roll 0 'er" during 


write 
is from the last byte of the current 
page 
to the first 


byte of the same page. 


Once the device 
address 
with the read/write 
s£ lect bit set 


to one is clocked 
in and acknowledged 
by the EEPROM, 


the current 
address 
data word is serially 
c10ckl ::lout. The 


microcontroller 
does 
not respond 
with an inpl t zero 
but 


does generate 
a following 
stop condition 
(refer te Figure 4). 


RANDOM 
READ: A random read requires a "dl 11my" byte 


write sequence 
to load in the data word addres~ 
Once the 


device address word and data word address 
are clocked 
in 


and acknowledged 
by the EEPROM, 
the micrt controller 


must generate 
another 
start condition. 
The micr lcontroller 


now initiates 
a current 
address 
read by send in I a device 


address 
with the read/write 
select 
bit high. The EEPROM 


acknowledges 
the device 
address 
and serially 
:Iocks out 


the data word. The microcontroller 
does not res~ md with a 


zero but does generate 
a following 
stop conditi< , (refer to 


Figure 5). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are il itiated 
by 


either 
a current 
address 
read or a random 
add ess read. 


After the microcontroller 
receives 
a data word, 
it responds 


with an acknowledge. 
As long as the EEPROM 
rc ceives an 
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acknowledge, 
it will continue 
to increment 
the data word 


address and serially clock out sequential 
data words. When 


the 
memory 
address 
limit 
is reached, 
the 
data 
word 


address 
will "roll over" 
and the sequential 
read will con- 


Figure 1. Device Address 


tinue. 
The sequential 
read operation 
is terminated 
when 


the microcontroller 
does not respond 
with a zero but does 
generate 
a following 
stop condition 
(refer to Figure 6). 
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tWR (max) 
lee (max) 
ISB (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
35 
400 
AT24C32-10PC 
8P3 
Commercial 


AT24C32N-10SC 
8S1 
(O°C to 70°C) 
. 
AT24C32W-10SC 
8S2 


AT24C32-10TC 
8T 


AT24C32-10SC 
14S 


3000 
35 
400 
AT24C32-10PI 
8P3 
Industrial 


AT24C32N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C32W-10S1 
8S2 


AT24C32-10TI 
8T 


AT24C32-10SI 
14S 


10 
1500 
0.5 
100 
AT24C32-10PC-2.7 
8P3 
Commercial 


AT24C32N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C32W-1 
OSC-2.7 
8S2 


AT24C32-1 
OTC-2. 7 
8T 


AT24C32-10SC-2.7 
14S 


1500 
0.5 
100 
AT24C32-10PI-2.7 
8P3 
Industrial 


AT24C32N-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT24C32W-1 
OSI-2. 7 
8S2 


AT24C32-10TI-2.7 
8T 


AT24C32-10SI-2.7 
14S 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
lee (max) 
'S8 (max) 
'MAX 


(ms) 
(~A) 
(~A) 
(kHz) 
Ordering 
Code 
Package 
Operatio 
I Range 


10 
1000 
0.5 
100 
AT24C32-10PC-2.5 
8P3 
Comrr 
3rcial 


AT24C32N-10SC-2.5 
8S1 
(O°C to 70°C) 


AT24C32W-10SC-2.5 
8S2 


AT24C32-10TC-2.5 
8T 


AT24C32-10SC-2.5 
14S 


1000 
0.5 
100 
AT24C32-10PI-2.5 
8P3 
Indus rial 


AT24C32N-10SI-2.5 
8S1 
(-40°C 
te 85°C) 


AT24C32W-10SI-2.5 
8S2 


AT24C32-10TI-2.5 
8T 


AT24C32-10SI-2.5 
14S 


10 
800 
0.1 
100 
AT24C32-10PC-1.8 
8P3 
Commlrcial 


AT24C32N-10SC-1.8 
8S1 
(O°Cto 
O°C) 


AT24C32W-10SC-1.8 
8S2 


AT24C32-1 
OTC-1 .8 
8T 


AT24C32-10SC-1.8 
14S 


800 
0.1 
100 
AT24C32-10PI-1.8 
8P3 
Indust 
ial 


AT24C32N-10SI-1.8 
8S1 
(-40°C 
to 35°C) 


AT24C32W-1 
OSI-1 .8 
8S2 


AT24C32-10TI-1.8 
8T 


AT24C32-10SI-1.8 
14S 


Package 
Type 


8P3 
8-lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 
i 


851 
8-lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


852 
8-lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOIC) 


8T 
8-lead, 
0.170" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(TSSOP) 


145 
14-lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
low 
Voltage 
(2.7V to 5.5V) 


-2.5 
low 
Voltage 
(2.5V to 5.5V) 


-1.8 
low 
Voltage 
(1.8V to 5.5V) 
" 
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tWR (max) 
Ice (max) 
IS8(max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering Code 
Package 
Operation Range 


10 
3000 
35 
400 
AT24C64-10PC 
8P3 
Commercial 


AT24C64N-l0SC 
8S1 
(O°C to 70°C) 


AT24C64W-l0SC 
8S2 


AT24C64-10TC 
8T 


AT24C64-10SC 
14S 


3000 
35 
400 
AT24C64-10PI 
8P3 
Industrial 


AT24C64N-l0SI 
8S1 
(-40°C 
to 85°C) 


AT24C64W-l0SI 
8S2 


AT24C64-10TI 
8T 


AT24C64-10SI 
14S 


10 
1500 
0.5 
100 
AT24C64-10PC-2.7 
8P3 
Commercial 


AT24C64N-l0SC-2.7 
8S1 
(O°C to 70°C) 


AT24C64W-l 
OSC-2.7 
8S2 


AT24C64-10TC-2.7 
8T 


AT24C64·1 
OSC-2. 7 
14S 


1500 
0.5 
100 
AT24C64-10PI-2.7 
8P3 
Industrial 


AT24C64N-l 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT24C64W-l0SI-2.7 
8S2 


AT24C64-10TI-2.7 
8T 


AT24C64-10SI-2.7 
14S 


Package Type 


8P3 
8-Lead. 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead. 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


852 
8-Lead. 
0.200' 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOIC) 


8T 
8-Lead. 
0.170" 
Wide. 
Plastic 
Gull Wing 
Small Outline 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide. 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


tWR (max) 
lee (max) 
Iso (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operati 


10 
1000 
0.5 
100 
AT24C64-10PC-2.5 
8P3 
Com 


AT24C64N-10SC-2.5 
8S1 
(O°Ct 


AT24C64W-10SC-2.5 
8S2 


AT24C64-10TC-2.5 
8T 


AT24C64-10SC-2.5 
14S 


1000 
0.5 
100 
AT24C64-10PI-2.5 
8P3 
Ind 


AT24C64N-10SI-2.5 
8S1 
(-40°C 


AT24C64W-10SI-2.5 
8S2 


AT24C64-10TI-2.5 
8T 


AT24C64-10SI-2.5 
14S 


10 
800 
0.1 
·100 
AT24C64-10PC-1.8 
8P3 
Com 


AT24C64N-10SC-1.8 
8S1 
(O°Ct 


AT24C64W·10SC-1.8 
8S2 


AT24C64-1 
OTC-1 .8 
8T 


AT24C64-1 
OSC-1 .8 
14S 


800 
0.1 
100 
AT24C64-1 
OPI-1 .8 
8P3 
Ind 


AT24C64N-10SI-1.8 
8S1 
(-40°C 


AT24C64W-10SI-1.8 
8S2 


AT24C64·10TI-1.8 
8T 


AT24C64-10SI-1.8 
14S 


In Range 


lercial 


> 70°C) • 
strial 
:0 85°C) 


strial 
to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOl C) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(TSSOP) 


145 
14-Lead, 
0.150" 
Wide, 
Plastic 
GUll Wing 
Small Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 
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• low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 1.8 (Vcc = 1.8V to 3.6V) 
• Internally Organized 16,384 x 8 and 32,768 x 8 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 1 MHz (5V), 400 kHz (2.7V) and 100 kHz (1.8V) Compatibility 
• Write Protect Pin for Hardware and Software Data Protection 
• 64-Byte Page Write Mode (Partial Page Writes Allowed) 
• Self-Timed Write Cycle (5 ms typical) 
• High Reliability 
- Endurance: 
100,000 Write Cycles 


- Data Retention: 40 Years 
- ESD Protection: 
> 4000V 


• Automotive 
Grade and Extended Temperature Devices Available 
• 8-Pin JEDEC PDIP, 8-Pin JEDEC and EIAJ SOIC, 14-Pin TSSOP. and 


8-Pin leadless 
Array Packages 


Description 


The AT24C128/256 
provides 
131,072/262,144 
bits of serial electrically 
erasable 
and 


programmable 
read only memory 
(EEPROM) 
organized 
as 16,384/32,768 
words of 8 
bits each. The device's 
cascadable 
feature allows up to 4 devices to share a common 


2-wire bus. The device is optimized 
for use in many industrial 
and commercial 
applica- 


tions where low power and low voltage operation 
are essential. 
The devices are avail- 
able in space-saving 
8-pin 
JEDEC 
PDIP, 
8-pin 
EIAJ, 
8-pin 
JEDEC 
SOIC, 
14-pin 


TSSOP, 
and 8-pin LAP packages. 
In addition, 
the entire family 
is available 
in 5.0V 


(4.5V to 5.5V), 2.7V (2.7V to 5.5V) and 1.8V (l.8V 
to 3.6V) versions. 


B-Pin PDIP 


AOOS 
VCC 
A1 
2 
7 
WP 


NC 
3 
6 
SCl 


GND 
4 
5 
SDA 


Pin Name 
Function 


AD-A1 
Address Inputs 


SDA 
Serial Data 


SCl 
Serial Clock Input 


WP 
Write Protect 


NC 
No Connect 
B-Pin SOIC 


AOOS 
VCC 
A1 
2 
7 
WP 


NC 
3 
6 
SCl 


GND 
4 
5 
SDA 


14-Pin TSSOP 


AO 
~O 
14 
VCC 


A1 
13 
WP 


NC 
3 
12 
NC 
NC 
4 
11 
NC 


NC 
5 
10 
NC 


NC 
6 
9 
SCl 
GND 
7 
S 
SDA 


B-Pin Leadless Array 


VCC[]AO 
WP 
A1 
SCl 
NC 
SDA 
GND 
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2-Wire Seri il 
EEPROMs 


128K (16,384 X 8) 


256K (32,768 X 8) 


AT24C128 
AT24C256 


Absolute Maximum Ratings* 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


Maximum Operating Voltage 
6.25V 


DC Output Curren!... 
5.0 mA 


WP 
vcc __ 


GND __ 


START 
STOP 
LOGIC 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 


edge clock data into each EEPROM 
device 
and negative 


edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The 
SDA 
pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven 
and may 
be wire-ORed 
with any number of other open-drain 
or open 


collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A1, 
AO): The A1 and AO 


pins are device address inputs that are hardwired 
or left not 


connected 
for hardware 
compatibility 
with AT24C32/64. 


When the pins are hardwired, 
as many as four 128K1256K 
devices 
may be addressed 
on a single bus system 
(device 


addressing 
is discussed 
in detail 
under 
the 
Device 


Addressing 
section). 
When the pins are not hardwired, 
the 


default A, and Ao are zero. 
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'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


WRITE 
PROTECT 
(WP): The write protect input, when tied 
to GND, allows 
normal 
write operations. 
When WP is tied 


high to V cc, all write operations 
to the memory 
are inhib- 
ited. 
If left unconnected, 
WP is internally 
pulled 
down 
to 


GND. Switching 
WP to Vcc prior to a write operation 
cre- 


ates a software 
write protect function. 


Memory Organization 


AT24C128/256, 
128K/256K 
SERIAL 
EEPROM: 
The 
128K1256K is internally 
organized 
as 256/512 
pages of 64- 


bytes each. Random 
word addressing 
requires 
a 14/15-bit 


data word address. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 
C. 


Cvo 
InpuVOutput Capacitance (SDA) 
8 
pF 


CIN 
Input Capacitance (P.o, A1•SCl) 
6 
pF 


'VO= OV 


fiN = OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C. Vcc = +1.8V to +5.5V, 
TAC = O°C to ~70°C. 
Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


VCC1 
Supply Voltage 
1.8 
3.6 


VCC2 
Supply Voltage 
2.7 
5.5 


VCC3 
Supply Voltage 
4.5 
5.5 


ICC1 
Supply Current 
Vcc = 5.0V 
READ at 400 kHz 
1.0 
2.0 


Icc2 
Supply Current 
Vcc= 5.0V 
WRITE at 400 kHz 
2.0 
3.0 


Standby Current 
Vcc = 1.8V 
0.2 
IS61 
(1.8V option) 
Vcc= 3.6V 
VIN = Vcc or Vss 
2.0 


Standby Current 
Vcc= 2.7V 
0.5 


IS62 
(2.7Voption) 
Vcc = 5.5V 
VIN = Vcc or Vss 
6.0 


IS63 
Standby Current 
Vcc = 4.5 - 5.5V 
V1N = Vcc or Vss 
6.0 
(5.0V option) 


III 
Input leakage Current 
VIN =VccorVss 
0.10 
3.0 


ILO 
Output leakage 
VOUT= Vcc orVss 
0.05 
3.0 
Current 


Vil 
Input low level(l) 
-0.6 
Vcc x 0.3 


VIH 
Input High level(l) 
Vcc xO.7 
Vcc + 0.5 


VOl2 
Output low level 
Vcc= 3.0V 
IOl = 2.1 mA 
0.4 


Vou 
Output low level 
Vcc= 1.8V 
IOl = 0.15 mA 
0.2 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA= -40°C to +85°C, Vcc = +1.8V to +5.5V, CL = 100 pF (unless oth- 
erwise noted). Test conditions 
are listed in Note 2. 


1.a-volt 
2.7-volt 
5.O-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


fSCL 
Clock Frequency, SCL 
100 
400 
1000 
kHz 


tLOW 
Clock Pulse Width Low 
4.7 
1.3 
0.6 
liS 


tHIGH 
Clock Pulse Width High 
4.0 
1.0 
0.4 
liS 


tAA 
Clock Low to Data Out Valid 
0.1 
4.5 
0.05 
0.9 
0.05 
0.55 
liS 


tauF 
Time the bus must be free before a new 
4.7 
1.3 
0.5 
transmission can start(l) 
liS 


tHO.STA 
Start Hold Time 
4.0 
0.6 
0.25 
liS 


tsU.STA 
Start Set-up Time 
4.7 
0.6 
0.25 
liS 


tHO.DAT 
Data In Hold Time 
0 
0 
0 
liS 


tSU.OAT 
Data In Set-up Time 
200 
100 
100 
ns 


tR 
Inputs Rise Time(l) 
1.0 
0.3 
0.3 
liS 


tF 
Inputs Fall Time(l) 
300 
300 
100 
ns 


tSU.STO 
Stop Set-up Time 
4.7 
0.6 
0.25 
liS 


tOH 
Data Out Hold Time 
100 
50 
50 
ns 


tWR 
Write Cycle Time 
20 
10 
10 
ms 


Endurance(l) 
5.0V, 25°C, Page Mode 
100K 
100K 
100K 
Write 
Cycles 


Notes: 
1. This parameter is characterized and is not 100% tested. 


2. AC measurement conditions: 


RL(connects to Vcel: 1.3Kn (2.7V, 5V), 10Kn (1.8V) 
Input pulse voltages: 0.3Vcc to 0.7Vcc 
Input rise and fall times: ~50ns 
Input and output timing reference voltages: 0.5Vcc 


Device Operation 


CLOCK 
and 
DATA TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external 
device. 
Data on the SDA 
pin may change 
only during SCL low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCL 
high periods will indicate a start or stop condition 
as defined 
below. 


START 
CONDITION: 
A high-to-low 
transition 
of SDA with 
SCL high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCL high is a stop condition. 
After 
a read sequence, 
the 
stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in 8-bit words. 


The EEPROM 
sends a zero during the ninth clock cycle to 
acknowledge 
that it has received 
each word. 


STANDBY 
MODE: 
The 
AT24C128/256 
features 
a low 
power standby 
mode which 
is enabled: 
a) upon power-up 
and b) after the receipt of the STOP bit and the completion 
of any internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system reset, any 2-wire part can be reset by follow- 
ing these steps: 
(a) Clock up to 9 cycles, 
(b) look for SDA 
high in each cycle 
while SCL is high and then (c) create a 
start condition 
as SDA is high. 


• 


STOP 


CONDITION 


START 


CONDITION 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the interna clear/write 
cycle. 
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Device Addressing 


The 128K1256K EEPROM 
requires an 8-bit device address 


word following 
a start condition 
to enable the chip for a read 
or write operation 
(refer to Figure 
1). The device 
address 


word consists 
of a mandatory 
one, zero sequence 
for the 


first five most significant 
bits as shown. This is common 
to 
all 2-wire EEPROM 
devices. 


The 128K1256K uses the two device address 
bits A 1, AO to 
allow as many as four devices on the same bus. These bits 
must compare 
to their corresponding 
hardwired 
input pins. 


The A 1 and AO pins use an internal 
proprietary 
circuit that 
biases them to a logic low condition 
if the pins are allowed 


to float. 


The eighth bit of the device address is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated 
if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output 
a zero. 
If a compare 
is not made, 
the device 
will 


return to a standby 
state. 


DATA SECURITY: 
The AT24C128/256 
has a hardware 
data protection 
scheme 
that allows the user to write protect 
the whole memory 
when the WP pin is at Vcc. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
two 8-bit data 
word 
addresses 
following 
the device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again respond 
with a zero and then clock in 
the first 8-bit data word. 
Following 
receipt of the 8-bit data 
word, 
the EEPROM 
will output 
a zero. 
The addressing 
device, 
such as a microcontroller, 
then must terminate 
the 
write 
sequence 
with 
a stop 
condition. 
At this 
time 
the 
EEPROM 
enters an internally-timed 
write cycle, tWR' to the 
nonvolatile 
memory. 
All inputs 
are disabled 
during 
this 
write cycle and the EEPROM 
will not respond until the write 
is complete 
(refer to Figure 2). 


PAGE WRITE: 
The 128K1256K EEPROM 
is capable 
of 64- 
byte page writes. 


A page write is initiated 
the same way as a byte write, but 
the microcontroller 
does not send a stop condition 
after the 
first data word 
is clocked 
in. Instead, 
after the EEPROM 
acknowledges 
receipt 
of the first data word, the microcon- 
troller 
can 
transmit 
up to 63 more 
data 
words. 
The 
EEPROM 
will 
respond 
with a zero after 
each data word 
received. 
The 
microcontroller 
must terminate 
the page 
write sequence 
with a stop condition 
(refer to Figure 3). 


The data word 
address 
lower 
6 bits are internally 
incre- 
mented following 
the receipt of each data word. The higher 
data word address 
bits are not incremented, 
retaining 
the 
memory 
page row location. 
When the word address, 
inter- 


nally generated, 
reaches 
the page boundary, 
the following 
byte is placed 
at the beginning 
of the same page. If more 
than 64 data words 
are transmitted 
to the EEPROM, 
the 
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data word address 
will "roll over" and previou ; data will be 
overwritten. 
The address 
"roll over" during wr e is from the 
last byte of the current 
page to the first bytE of the same 
page. 


ACKNOWLEDGE 
POLLING: 
Once 
the intl mally-timed 
write 
cycle 
has started 
and the EEPROM 
in IUtS are dis- 
abled, acknowledge 
polling can be initiated. 
'his involves 
2 


sending 
a start condition 
followed 
by the de 
ice address 
word. The read/write 
bit is representative 
of t le operation 
desired. 
Only if the internal 
write cycle has c, mpleted 
will 
the EEPROM 
respond 
with a zero, 
allowin£ 
the read or 
write sequence 
to continue. 


Read Operations 


Read operations 
are initiated the same way as write opera- 
tions with the exception 
that the read/write 
sel lct bit in the 
device 
address 
word 
is set to one. There 
ar 
three 
read 
operations: 
current 
address 
read, 
random 
a Idress 
read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
interna 
data 
word 
address 
counter 
maintains 
the last address 
ae ~essed dur- 
ing the last read or write 
operation, 
incremer 
led by one. 


This address stays valid between 
operations 
ar long as the 
chip power 
is maintained. 
The address 
"roll 
I ver" during 
read is from the last byte of the last memory 
age, to the 
first byte of the first page. 


Once the device 
address 
with the read/write 
s ~Iect bit set 
to one is clocked 
in and acknowledged 
by thl 
EEPROM, 


the current address 
data word is serially 
c10ckl d out. 
The 
microcontroller 
does 
not respond 
with an in~ Jt zero 
but 
does generate 
a following 
stop condition 
(refer' 
) Figure 4). 


RANDOM 
READ: 
A random read requires a "d Immy" byte 
write sequence 
to load in the data word add res i. Once the 
device address word and data word address ar 
clocked 
in 
and acknowledged 
by the EEPROM, 
the mic 
:Jcontroller 
must generate 
another 
start condition. 
The mic 'ocontroller 


now initiates 
a current 
address 
read by sendil 
g a device 
address 
with the read/write 
select 
bit high. 
Thl 
EEPROM 
acknowledges 
the device 
address 
and seriall~ 
clocks 
out 
the data word. 
The microcontroller 
does not res lond with a 
zero but does generate 
a following 
stop conditi 
In (refer to 
Figure 5). 


SEQUENTIAL 
READ: 
Sequential 
reads 
are Ilitiated 
by 
either 
a current 
address 
read or a random 
adc ress read. 
After the microcontroller 
receives 
a data word, 
: responds 
with an acknowledge. 
As long as the EEPROM 
r ~ceives an 
acknowledge, 
it will continue 
to increment 
the data word 
address and serially clock out sequential 
data we rds. When 
the 
memory 
address 
limit 
is reached, 
the 
lata 
word 
address 
will "roll over" 
and the sequential 
rea j will con- 
tinue. 
The sequential 
read operation 
is termin 
lted when 
the microcontroller 
does not respond 
with a zer I but does 
generate 
a following 
stop condition 
(refer to Figu e 6). 
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tWR (max) 
Icc (max) 
ISB (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
6.0 
1000 
AT24C128-10PC 
8P3 
Commercial 


AT24C128N-10SC 
8S1 
(O°C to 70°C) 


AT24C128W-10SC 
8S2 


AT24C 128-1 OCC 
8C 


AT24C128C1-10CC 
8C1 


AT24C128T1-10TC 
14T 


3000 
6.0 
1000 
AT24C128·10PI 
8P3 
Industrial 


AT24C128N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C128W-10SI 
8S2 


AT24C128-10CI 
8C 


AT24C128C1-10CI 
8C1 


AT24C128T1-10TI 
14T 


10 
1500 
0.5 
400 
AT24C128·10PC·2.7 
8P3 
Commercial 


AT24C 128N-1 OSC-2. 7 
8S1 
(O°C to 70°C) 


AT24C 128W·1 OSC·2. 7 
8S2 


AT24C128-1 
OCC-2. 7 
8C 


AT24C128C1-1 
OCC-2. 7 
8C1 


AT24C128T1-10TC-2.7 
14T 


1500 
0.5 
400 
AT24C128·10PI·2.7 
8P3 
Industrial 


AT24C128N·1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT24C128W-1 
OSI-2. 7 
8S2 


AT24C128·10CI·2.7 
8C 


AT24C128C1-10CI-2.7 
8C1 


AT24C128T1-10TI-2.7 
14T 


Package 
Type 


8C 
8-Lead, 
0.230" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8C1 
8·Lead, 
0.300" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
Package 
(EIAJ SOIC) 


14T 
14·Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low·Voltage 
(1.8V to 3.6V) 


tWR 
(max) 
lee (max) 
'S8 (max) 
fMAX 


(ms) 
(~A) 
(~A) 
(kHz) 
Ordering 
Code 
Package 
Opera! 


20 
800 
0.2 
100 
AT24C128-10PC-1.8 
8P3 
Con 


AT24C128N-10SC-1.8 
8S1 
(O°C 


AT24C128W-10SC-1.8 
8S2 


AT24C128-10CC-1.8 
8C 


AT24C128C1-10CC-1.8 
8C1 


AT24C128T1-10TC-1.8 
14T 


800 
0.2 
100 
AT24C128-10PI-1.8 
8P3 
In< 


AT24C128N-10SI-1.8 
8S1 
(-400( 
• 


AT24C128W-10SI-1.8 
8S2 


AT24C128-10CI-1.8 
8C 


AT24C128C1-10CI-1.8 
8C1 


AT24C128T1-10TI-1.8 
14T 


Package 
Type 


8C 
8-Lead, 
0.230" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8C1 
8-Lead, 
0.300" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(POIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEOEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
Package 
(EIAJ SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 3.6V) 
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mercial 
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tWR (max) 
lee (max) 
'S8 (max) 
fMAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering Code 
Package 
Operation Range 


10 
3000 
6.0 
1000 
AT24C256-10PC 
8P3 
Commercial 


AT24C256N-10SC 
8S1 
(O°C to 70°C) 


AT24C256W-10SC 
8S2 


AT24C256-10CC 
8C 


AT24C256C1-10CC 
8C1 


AT24C256T1-10TC 
14T 


3000 
6.0 
1000 
AT24C256-10PI 
8P3 
Industrial 


AT24C256N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24C256W-10SI 
8S2 


AT24C256-10CI 
8C 


AT24C256C1-10CI 
8C1 


AT24C256T1-10TI 
14T 


10 
1500 
0.5 
400 
AT24C256-1 
OPC-2. 7 
8P3 
Commercial 


AT24C256N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT24C256W-1 
OSC-2. 7 
8S2 


AT24C256-1 
OCC-2.7 
8C 


AT24C256C1-10CC-2.7 
8C1 


AT24C256T1-10TC-2.7 
14T 


1500 
0.5 
400 
AT24C256-1 
OPI-2.7 
8P3 
Industrial 


AT24C256N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24C256W-1 
OSI-2. 7 
8S2 


AT24C256-1 
OCI-2. 7 
8C 


AT24C256C1-10CI-2.7 
8C1 


AT24C256T1-1 
OTI-2. 7 
14T 


Package Type 


8C 
8-Lead, 
0.230" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8C1 
8-Lead, 
0.300" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(EIAJ SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 
. 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 3.6V) 


tWR (max) 
Icc (max) 
ISB (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operat 
>n Range 


20 
aoo 
0.2 
100 
AT24C256-10PC-1.a 
ap3 
COff nercial 


AT24C256N-1 
OSC-1 .a 
aS1 
(O°C 
) 70°C) 


AT24C256W-10SC-1.a 
aS2 


AT24C256-10CC-1.a 
ac 


AT24C256C1-10CC-1.a 
aC1 


AT24C256T1-10TC-1.a 
14T 


aoo 
0.2 
100 
AT24C256-10PI-1.a 
ap3 
Ind 
strial 


AT24C256N-10SI-1.a 
aS1 
(-40°C 
to a5°C) 


AT24C256W-1 
OSI-1 .a 
aS2 


AT24C256-10CI-1.a 
ac 


AT24C256C1-10CI-1.a 
aC1 


AT24C256T1-10TI-1.a 
14T 
• 


Package 
Type 


BC 
a-Lead, 
0.230" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


8C1 
a-Lead, 
0.300" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


BP3 
a-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
a-Lead, 
0.150" 
Wide, 
Plastic 
GUll Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


852 
a-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(EIAJ 
SOIC) 


14T 
14-Lead. 
0.170" 
Wide. 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low-Voltage 
(1.av 
to 3.6V) 
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• One-Time Programmable 
(OTP) Feature 


• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 1.8 (Vcc = 1.8V to 3.6V) 


• Internally Organized 16,384 x 8 and 32,768 x 8 
• 2-Wire Serial Interface 
• Schmitt Trigger, Filtered Inputs for Noise Suppression 
• Bidirectional 
Data Transfer Protocol 


• 1 MHz (5V), 400 kHz (2.7V) and 100 kHz (1.8V) Compatibility 
• Write Protect Pin for Hardware and Software Data Protection 
• 64-Byte Page Write Mode (Partial Page Writes Allowed) 
• Self-Timed Write Cycle (5 ms typical) 
• High Reliability 
- Endurance: 
100,000 Write Cycles 


- Data Retention: 40 Years 
- ESD Protection: 
>4000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin JEDEC PDIP and 8-Pin JEDEC and EIAJ SOIC Packages 


Description 


The AT24CS 128/256 provides 
131,072/262,144 
bits of serial electrically 
erasable 
and 


programmable 
read only memory 
(EEPROM) 
organized 
as 16,384/32,768 
words of 8 


bits each. The device's 
cascadable 
feature allows up to 4 devices to share a common 


2-wire bus. The device also features 
a one-time 
programmable 
2048 bit array, which 


once enabled, 
becomes 
read-only 
and cannot be overwritten. 
If not enabled, 
the oTP 


section 
will function 
as part of the normal 
memory 
array. The device 
is optimized 
for 


use in many industrial 
and commercial 
applications 
where low power and low voltage 


operation 
are essential. 
The devices 
are available 
in space-saving 
8-pin JEOEC 
POIP 


(AT24CS128/256), 
8-pin 
EIAJ (AT24CS128/256), 
8-pin JEOEC 
SolC 
(AT24CS128) 


packages. 
In addition, 
the entire family is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V 


to 5.5V) and 1.8V (1.8V to 3.6V) versions. 


B-Pin PDIP 


AOOS 
VCC 
A1 
2 
7 
WP 
A2 
3 
6 
SCL 


GND 
4 
5 
SDA 


Pin Name 
Function 


AO-A2 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


B-Pin SOIC 


AOOB 
VCC 
A1 
2 
7 
WP 
A2 
3 
6 
SCL 


GND 
4 
5 
SDA 
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2-Wire Ser ial 
EEPROMs 
with Perm :lnent 
Software 
Vrite 


Protect 


128K (16,384 x l) 


256K (32,768 x I) 


AT24CS1~8 
AT24CS2S6 
Advance 
Informatio n 


• 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


WP 
vCC--o- 
GND--o- 


START 
STOP 
LOGIC 


Pin Description 


SERIAL 
CLOCK 
(SCL): 
The SCL input is used to positive 


edge clock data into each EEPROM 
device 
and negative 


edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The 
SDA pin is bidirectional 
for 


serial data transfer. 
This pin is open-drain 
driven and may 


be wire-ORed 
with any number of other open-drain 
or open 


collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A2, A1, AD): The A1 and 


AD pins are device address 
inputs that are hardwired 
or left 


not connected 
for hardware 
compatibility 
with AT24C32/64. 
When the pins are hardwired, 
as many as four 128K1256K 


devices 
may be addressed 
on a single bus system 
(device 


addressing 
is discussed 
in detail 
under 
the 
Device 


Addressing 
section). 
When the pins are not hardwired, 
the 
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'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


default A1 and Ao are zero. The A2 device address 
input is 


a "don't care" input. 


WRITE PROTECT 
(WP): The write protect input, when tied 


to GND, allows 
normal 
write operations. 
When WP is tied 


high to V cc, all write operations 
to the memory 
are inhib- 
ited. If left unconnected, 
WP is internally 
pulled 
down to 


GND. Switching 
WP to Vcc prior to a write operation 
cre- 


ates a software 
write protect function. 


Memory Organization 


AT24CS128/256, 
128K1256K 
SERIAL 
EEPROM: 
The 


128K1256K is internally 
organized 
as 256/512 
pages of 64- 


bytes each. Random 
word addressing 
requires 
a 14/15-bit 


data word address. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +1.8V. 


Symbol 
Test Condition 
Max 
Units 


Cvo 
Input/Output Capacitance (SDA) 
8 
pF 


C1N 
Input Capacitance (A.a, A1, SCl) 
6 
pF 


VVO = OV 


V1N = OV • 
DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C, Vcc = +1.8V to +5.5V, 
TAC = O°C 
) +70°C, 
Vcc = + 1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


VCCl 
Supply Voltage 
1.8 
3.6 
V 


Vee2 
Supply Voltage 
2.7 
5.5 
V 


Vee3 
Supply Voltage 
4.5 
5.5 
V 


'eel 
Supply Current 
Vee = 5.0V 
READ at 400 kHz 
1.0 
2.0 
mA 


lee2 
Supply Current 
Vee = 5.0V 
WRITE at 400 kHz 
2.0 
3.0 
mA 


Standby Current 
Vee = 1.8V 
0.2 
IlA 
ISB1 
V1N= Vee or Vss 
(1.8V option) 
Vee = 3.6V 
2.0 


Standby Current 
Vee = 2.7V 
0.5 
IlA 
ISB2 
(2.7Voption) 
Vee = 5.5V 


V1N= Vee or Vss 
5.0 


ISB3 
Standby Current 
Vee = 4.5 - 5.5V 
VIN=VeeorVss 
5.0 
IlA 
(5.0V option) 


III 
Input leakage Current 
VIN=VCeorVss 
0.10 
3.0 
IlA 


ILO 
Output leakage 
VOUT= VeeorVss 
0.05 
3.0 
IlA 
Current 


V1L 
Input low level(1) 
-0.6 
Vee x 0.3 
V 


V1H 
Input High level(l) 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL2 
Output low level 
Vee3= 3.0V 
IOL= 2.1 mA 
0.4 
V 


VOL1 
Output low level 
Vcc= 1.8V 
IOL= 0.15 mA 
0.2 
V 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = +1.8V to +5.5V, Cl = 100 pF (unless oth- 
erwise noted). Test conditions 
are listed in Note 2. 


1.8-volt 
2.7-volt 
5.D-volt 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


fSCL 
Clock 
Frequency, 
SCL 
400 
1000 
1000 
kHz 


tLOW 
Clock 
Pulse Width 
Low 
1.3 
0.6 
0.6 
l!S 


tHIGH 
Clock 
Pulse Width 
High 
1.0 
0.4 
0.4 
l!s 


tM 
Clock 
Low to Data Out Valid 
0.1 
0.9 
0.05 
0.55 
0.05 
0.55 
l!S 


tauF 
Time the bus must be free before 
a new 
1.2 
0.5 
0.5 
transmission 
can start(1) 
l!s 


tHO.STA 
Start 
Hold Time 
0.6 
0.25 
0.25 
l!s 


tSU.STA 
Start 
Set-up 
Time 
0.6 
0.25 
0.25 
l!s 


tHO.OAT 
Data In Hold Time 
0 
0 
0 
l!s 


tsU.OAT 
Data In Set-up 
Time 
100 
100 
100 
ns 


tR 
Inputs 
Rise Time(1) 
0.3 
0.3 
0.3 
l!S 


tF 
Inputs 
Fall Time(1) 
300 
100 
100 
ns 


tsU.STO 
Stop Set-up 
Time 
0.6 
0.25 
0.25 
l!S 


tOH 
Data Out Hold Time 
50 
50 
50 
ns 


tWR 
Write 
Cycle Time 
20 
10 
10 
ms 


Endurance(1) 
5.0V, 25°C, 
Page Mode 
lOOK 
lOOK 
lOOK 
Write 
Cycles 


Notes: 
1. 
This parameter 
is characterized 
and is not 100% tested. 


2. 
AC measurement 
conditions: 
RL (connects 
to Vccl: 
1.3Kn 
(2.7V, 5V), 10Kn 
(1.8V) 
Input pulse voltages: 
0.3Vcc 
to 0.7Vcc 
Input rise and fall times: 
$50ns 
Input and output 
liming 
reference 
voltages: 
0.5Vcc 


Device Operation 


CLOCK 
and DATA TRANSITIONS: 
The SDA pin is nor- 
mally pulled high with an external 
device. 
Data on the SDA 
pin may change 
only during SCl 
low time periods 
(refer to 
Data Validity 
timing 
diagram). 
Data changes 
during 
SCl 
high periods will indicate a start or stop condition 
as defined 
below. 


START CONDITION: 
A high-to-low 
transition 
of SDA with 
SCl 
high is a start condition 
which must precede 
any other 
command 
(refer 
to Start 
and Stop 
Definition 
timing 
dia- 
gram). 


STOP 
CONDITION: 
A low-to-high 
transition 
of SDA with 
SCl 
high is a stop condition. 
After 
a read sequence, 
the 
stop command 
will place the EEPROM 
in a standby 
power 
mode (refer to Start and Stop Definition 
timing diagram). 


ACKNOWLEDGE: 
All addresses 
and data words are seri- 
ally transmitted 
to and from the EEPROM 
in 8-bit words. 


The EEPROM 
sends a zero during the ninth clock cycle to 
acknowledge 
that it has received 
each word. 


STANDBY 
MODE: 
The AT24CS128/256 
features 
a low 
power standby 
mode which 
is enabled: 
a) upon power-up 
and b) after the receipt of the STOP bit and the completion 
of any internal operations. 


MEMORY 
RESET: 
After an interruption 
in protocol, 
power 
loss or system reset, any 2-wire part can be reset by follow- 
ing these steps: 
(a) Clock up to 9 cycles, 
(b) look for SDA 
high in each cycle while SCl 
is high and then (c) create a 
start condition 
as SDA is high. 


STOP 


CONDITION 
START 


CONDITION 


Note: 
1. 
The write cycle time tWR is the time from a valid stop condition of a write sequence to the end of the internal cI ar/write 
cycle. 
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Device Addressing 


The 128K1256K EEPROM 
requires an 8-bit device address 
word following 
a start condition 
to enable the chip for a read 
or write 
operation 
(refer to Figure 
1). The device 
address 
word consists 
of a mandatory 
one, zero sequence 
for the 
first five most significant 
bits as shown. 
This is common 
to 
all 2-wire EEPROM 
devices. 


The 128K1256K uses the two device address 
bits A 1, AO to 
allow as many as four devices on the same bus. These bits 
must compare 
to their corresponding 
hardwired 
input pins. 
The A 1 and AO pins use an internal 
proprietary 
circuit that 
biases them to a logic low condition 
if the pins are allowed 
to float. 


The eighth bit of the device address 
is the read/write 
opera- 
tion select bit. A read operation 
is initiated 
if this bit is high 
and a write operation 
is initiated if this bit is low. 


Upon a compare 
of the device 
address, 
the EEPROM 
will 
output 
a zero. 
If a compare 
is not made, 
the device 
will 
return to a standby state. 


DATA SECURITY: 
The AT24CS128/256 
has a hardware 
data protection 
scheme that allows the user to write protect 
the whole memory when the WP pin is at V cc. 


Write Operations 


BYTE 
WRITE: 
A write 
operation 
requires 
two 8-bit data 
word 
addresses 
following 
the device 
address 
word 
and 
acknowledgment. 
Upon 
receipt 
of this 
address, 
the 
EEPROM 
will again respond 
with a zero and then clock in 
the first 8-bit data word. 
Following 
receipt 
of the 8-bit data 
word, 
the 
EEPROM 
will output 
a zero. 
The 
addressing 
device, 
such as a microcontroller, 
then must terminate 
the 
write 
sequence 
with 
a stop 
condition. 
At this 
time 
the 
EEPROM 
enters an internally-timed 
write cycle, tWR' to the 
nonvolatile 
memory. 
All inputs are disabled 
during this write 
cycle and the EEPROM 
will not respond 
until the write 
is 
complete 
(refer to Figure 2). 


PAGE WRITE: The 128K1256K EEPROM 
is capable 
of 64- 
byte page writes. 


A page write is initiated 
the same way as a byte write, but 
the microcontroller 
does not send a stop condition 
after the 
first data word 
is clocked 
in. Instead, 
after the EEPROM 
acknowledges 
receipt of the first data word, the microcon- 
troller 
can 
transmit 
up to 63 
more 
data 
words. 
The 
EEPROM 
will respond 
with a zero 
after 
each 
data word 
received. 
The 
microcontroller 
must 
terminate 
the page 
write sequence 
with a stop condition 
(refer to Figure 3). 


The data word 
address 
lower 
6 bits are internally 
incre- 
mented following 
the receipt of each data word. The higher 
data word address 
bits are not incremented, 
retaining 
the 
memory 
page row location. 
When the word address, 
inter- 
nally generated, 
reaches 
the page boundary, 
the following 
byte is placed 
at the beginning 
of the same 
page. 
If more 


AlmEL 


than 64 data words 
are transmitted 
to the EI PROM, 
the 
data word address 
will "roll over" and previou~ data will be 
overwritten. 
The address 
"roll over" during writ 
is from the 
last byte of the current 
page to the first byte 
)f the same 
page. 


ACKNOWLEDGE 
POLLING: 
Once 
the inte 
lally-timed 
write 
cycle 
has started 
and the EEPROM 
in~ ltS are dis- 
abled, 
acknowledge 
polling 
can be initiated. 
T lis involves 
sending 
a start condition 
followed 
by the dev ~e address 
word. The read/write 
bit is representative 
of tt ~ operation 
desired. 
Only if the internal 
write cycle has co lpleted 
will 
the EEPROM 
respond 
with a zero, 
allowing 
he read or 
write sequence 
to continue. 


OTP Description/Operation 


The OTP feature provides the user with a 2048- 
,it (256 x 8) 
security 
section, 
which 
once 
programmed 
ar :l enabled, 
becomes 
read-only 
and data cannot 
be chang ld or over- 
written. The OTP section 
is located in the uppel 2K section 
of the memory array in the AT24CS128/256. 
If r )t enabled, 
the OTP section will function 
as part of the nom al memory 
array. 


To enable the OTP section: 


1. 
Inputs must be connected: 


A2 = Don't Care, A1 and AO = Vcc or GND 


2. 
Initiate the programming 
sequence: 


START 
1010 1100 11xx xxxx xxxx xxxx xxxx 
CKXX 
STOP 


Once enabled, 
previously 
written data cannot 
b 
changed. 
The status of the OTP section can only be confir ned by ini- 
tiating 
a programming 
sequence 
to the OTP s !ction and 
verifying 
by a read command. 
The use of the w ite protect 
(WP) feature 
can be utilized 
with or without 
er ~bling the 
OTP function. 


Read Operations 


Read operations 
are initiated the same way as '1\ He opera- 
tions with the exception 
that the read/write 
sele( . bit in the 
device 
address 
word 
is set to one. There 
are I lree 
read 
operations: 
current 
address 
read, 
random 
adc 'ess read 
and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internall 
ata word 
address 
counter 
maintains 
the last address 
aCCI ssed dur- 
ing the last read or write 
operation, 
incrementE:l 
by one. 


This address stays valid between 
operations 
as I, ng as the 
chip power 
is maintained. 
The address 
"roll ov !r" during 
read is from the last byte of the last memory 
pa le, to the 
first byte of the first page. 


Once the device 
address 
with the read/write 
sel ICt bit set 
to one is clocked 
in and acknowledged 
by the 
F EPROM, 
the current 
address 
data word is serially 
c10ckel 
out. The 
microcontroller 
does 
not respond 
with an inpu· 
zero 
but 
does generate 
a following 
stop condition 
(refer to :igure 4). 


• 


RANDOM READ: A random 
read requires a "dummy" 
byte 
write sequence 
to load in the data word address. 
Once the 
device address 
word and data word address 
are clocked 
in 
and acknowledged 
by the EEPROM, 
the microcontroller 
must generate 
another 
start condition. 
The microcontroller 
now initiates 
a current 
address 
read by sending 
a device 
address 
with the read/write 
select 
bit high. The EEPROM 
acknowledges 
the device 
address 
and serially 
clocks 
out 
the data word. The microcontroller 
does not respond with a 
zero but does generate 
a following 
stop condition 
(refer to 
Figure 5). 


Figure 1. Device Address 
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SEQUENTIAL 
READ: 
Sequential 
reads 
are initiated 
by 
either 
a current 
address 
read or a random 
address 
read. 


After the microcontroller 
receives 
a data word, it responds 
with an acknowledge. 
As long as the EEPROM 
receives an 
acknowledge, 
it will continue 
to increment 
the data word 
address and serially clock out sequential 
data words. When 
the 
memory 
address 
limit 
is reached, 
the 
data 
word 
address 
will "roll over" 
and the sequential 
read will con- 
tinue. 
The sequential 
read operation 
is terminated 
when 
the microcontroller 
does not respond 
with a zero but does 
generate 
a following 
stop condition 
(refer to Figure 6). 
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tWR (max) 
Ice (max) 
IS6 (max) 
'MAX 


(ms) 
(J.lA) 
(J.lA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
3000 
5.0 
1000 
AT24CS 128-1 OPC 
8P3 
Commercial 


AT24CS128N-10SC 
8S1 
(O°C to 70°C) 


AT24CS128W-10SC 
8S2 


3000 
5.0 
1000 
AT24CS128-10PI 
8P3 
Industrial 


AT24CS128N-10SI 
8S1 
(-40°C 
to 85°C) 


AT24CS128W-10SI 
8S2 


10 
1500 
0.5 
400 
AT24CS128-10PC-2.7 
8P3 
Commercial 


AT24CS 128N-1 OSC-2. 7 
8S1 
(O°C to 70°C) 


AT24CS128W-1 
OSC-2.7 
8S2 


1500 
0.5 
400 
AT24CS128-10PI-2.7 
8P3 
Industrial 


AT24CS128N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT24CS128W-10SI-2.7 
8S2 


20 
800 
0.2 
100 
AT24CS 128-1 OPC-1 .8 
8P3 
Commercial 


AT24CS 128N-1 OSC-1 .8 
8S1 
(O°C to 70°C) 


AT24CS 128W-1 OSC-1 .8 
8S2 


800 
0.2 
100 
AT24CS128-10PI-1.8 
8P3 
Industrial 


AT24CS128N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT24CS128W-10SI-1.8 
8S2 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 3.6V) 


tWR (max) 
Icc (max) 
IS8 (max) 
fMAX 


(ms) 
(1lA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operati 


10 
3000 
5.0 
1000 
AT24CS256-10PC 
8P3 
Comr 


AT24CS256W-10SC 
8S2 
(O°C t 


3000 
5.0 
1000 
AT24CS256-10PI 
8P3 
Indl 


AT24CS256W-10SI 
8S2 
(-40°C 


10 
1500 
0.5 
400 
AT24CS256-1 
OPC-2. 7 
8P3 
Comr 


AT24CS256W-1 
OSC-2.7 
8S2 
(O°C t, 


1500 
0.5 
400 
AT24CS256-1 
OPI-2. 7 
8P3 
IndL 


AT24CS256W-10SI-2.7 
8S2 
(-40°C 


20 
800 
0.2 
100 
AT24CS256-10PC-1.8 
8P3 
Comr 


AT24CS256W-10SC-1.8 
8S2 
(O°C t( 


800 
0.2 
100 
AT24CS256-10PI-1.8 
8P3 
IndL 


AT24CS256W-10S1-1.8 
8S2 
(-40°C 


n Range 


lercial 


70°C) 


,trial 


o 85°C) 


lercial 


70°C) 


,trial 


) 85°C) 


ercial 


70°C) 


.trial 


) 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
GUll Wing 
Small 
Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-1.8 
Low-Voltage 
(1.8V to 3.6V) 
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• Low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 1.8 (Vcc = 1.8V to 3.6V) 
Internally Organized 65,536 x 8 
2-Wire Serial Interface 
Schmitt Triggers, Filtered Inputs for Noise Suppression 
Bidirectional 
Data Transfer Protocol 


1 MHz (5V), 400 kHz (2.7V) and 100 kHz (1.8V) Compatibility 
Write Protect Pin for Hardware and Software Data Protection 
128-Byte Page Write Mode (Partial Page Writes Allowed) 
Self-Timed Write Cycle (5 ms typical) 
High Reliability 
- Endurance: 
100,000 Write Cycles 


- Data Retention: 40 Years 
- ESD Protection: 
>4000V 
Automotive 
Grade and Extended Temperature Devices Available 


8-Pin PDIP and 20-Pin JEDEC SOIC and 8-Pin LAP Packages 


Description 


The AT24C512 
provides 524,288 
bits of serial electrically 
erasable 
and programmable 
read only memory 
(EEPROM) 
organized 
as 65,536 words of 8 bits each. The device's 
cascadable 
feature 
allows up to 4 devices to share a common 
2-wire bus. The device 
is optimized 
for use in many industrial 
and commercial 
applications 
where low-power 


and low-voltage 
operation 
are essential. 
The devices 
are available 
in space-saving 


8-pin PDIP, 20-pin JEDEC 
SOIC, and 8-pin Leadless 
Array (LAP) packages. 
In addi- 


tion, the entire family is available 
in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V) and 1.8V 
(1.8V to 3.6V) versions. 


8-Pin PDIP 
AOOS 
VCC 
A1 
2 
7 
WP 


NC 
3 
6 
SCL 
GND 
4 
5 
SDA 


Pin Name 
Function 


AO-A1 
Address Inputs 


SDA 
Serial Data 


SCL 
Serial Clock Input 


WP 
Write Protect 


NC 
No Connect 


8-Pin Leadless Array 
vccDAO 
WP 
A1 
SCL 
NC 
SDA 
GND 


AO 


A1 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


GND 


2-Wire Seri 11 
EEPROM 


AT24C512 
Preliminary 


Note: 
Please contact Atmel Corporation for nore 
information on this product. 
2-119 
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Absolute 
Maximum 
Ratings* 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


wp 
vcc- 


GND- 


Pin Description 


SERIAL 
CLOCK 
(SCL): The SCL input is used to positive 
edge clock data into each EEPROM 
device 
and negative 
edge clock data out of each device. 


SERIAL 
DATA 
(SDA): 
The 
SDA pin is bidirectional 
for 
serial data transfer. 
This pin is open-drain 
driven and may 
be wire-ORed 
with any number of other open-drain 
or open 
collector 
devices. 


DEVICE/PAGE 
ADDRESSES 
(A1, AD): The A1 and AO 
pins are device address 
inputs that are hardwired 
or left not 
connected 
for hardware 
compatibility 
with 
AT24C512. 


When 
the 
pins 
are 
hardwired, 
as many 
as four 
512K 
devices 
may be addressed 
on a single bus system 
(device 
addressing 
is discussed 
in detail 
under 
the 
Device 
Addressing 
section). 
When the pins are not hardwired, 
the 
default A1 and Aa are zero. 
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"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


WRITE 
PROTECT 
(WP): The write protect input, when tied 
to GND, allows 
normal 
write operations. 
When WP is tied 
high to Vcc, all write operations 
to the memory 
are inhib- 
ited. 
If left unconnected, 
WP is internally 
pulled 
down to 
GND. Switching 
WP to Vcc prior to a write operation 
cre- 
ates a software 
write protect function. 


Memory Organization 


AT24C512, 
512K SERIAL 
EEPROM: 
The 512K 
is inter- 
nally organized 
as 512 pages of 128-bytes 
each. Random 
word addressing 
requires a 16-bit data word address. 


• Low Voltage and Standard Voltage Operation 
- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 
- 1.8 (Vcc = 1.8V to 5.5V) 
• User Selectable Internal Organization 
- 1K: 128 x 8 or 64 x 16 
- 2K: 256 x 8 or 128 x 16 
- 4K: 512 x 8 or 256 x 16 
• 3-Wire Serial Interface 
• 2 MHz Clock Rate (5V) Compatibility 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 
- Data Retention: 
100 Years 
- ESD Protection: 
>4000V 
• Automotive 
Grade and Extended Temperature Devices Available 
• 8-Pin PDIP. 8-Pin JEDEC and EIAJ SOIC, and 8-Pin TSSOP Packages 


Description 


The AT93C46/56/57/66 
provides 
1024/2048/4096 
bits of serial electrically 
erasable 
programmable 
read only memory 
(EEPROM) 
organized 
as 64/128/256 
words 
of 16 
bits each, when the ORG Pin is connected 
to Vcc and 128/256/512 
words 
of 8 bits 
each when it is tied to ground. The device 
is optimized 
for use in many industrial 
and 
commercial 
applications 
where 
low power 
and low voltage 
operations 
are essential. 


The AT93C46/56/57/66 
is available 
in space saving 8-pin PDIP and 8-pin JEDEC 
and 
EIAJ SOIC packages. 
(continued) 


Pin Configurations 


Pin Name 
Function 


CS 
Chip Select 


SK 
Serial Data Clock 


01 
Serial Data Input 


DO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


ORG 
Internal Organization 


DC 
Don't Connect 


CS08 
VCC 
SK 
2 
7 
DC 


01 
3 
6 
ORG 
DO 
4 
5 
GND 


VCC 
DC 
ORG 
GNO 
8-Pin SOIC 
Rotated (R) 
(1K JEDEC Only) 


DC 
1 
8 
ORG 
VCC 
2 
7 
GND 
CS 
3 
6 
DO 
SK 
4 
5 
01 


8-PinTSSOP 


CS 
~O 
8 
VCC 
SK 
7 
DC 


01 
3 
6 
ORG 


DO 
4 
5 
GND 
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3-Wire Sel ial 
EEPROMs 


1K (128 X 8 or E4 x 16) 


2K (256 x 8 or 1~8 x 16) 


4K (512 x 8 or 2 56 x 16) 


AT93C46 
AT93C56 
AT93C57 
AT93C66 


The AT93C46/56/57/66 
is enabled through 
the Chip Select 
pin (CS), and accessed 
via a 3-wire serial interface 
consist- 
ing of Data Input (01), Data Output 
(DO), and Shift Clock 
(SK). Upon receiving 
a READ instruction 
at 01, the address 
is decoded 
and the data is clocked 
out serially 
on the data 
output 
pin DO. The WRITE 
cycle 
is completely 
self-timed 
and no separate 
ERASE 
cycle is required 
before WRITE. 


The WRITE 
cycle 
is only enabled 
when the part is in the 
Absolute 
Maximum 
Ratings* 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


AlmEL 


ERASEIWRITE 
ENABLE 
state. When CS is brought "high" 


following 
the initiation 
of a WRITE 
cycle, 
the DO pin out- 


puts the READY/BUSY 
status of the part. 


The AT93C46 
is available 
in 4.5V to 5.5V, 
2.7V to 5.5V, 


2.5V 
to 
5.5V, 
and 
1.8V 
to 
5.5V 
versions. 
The 
AT93C56/57/66 
is available 
in 4.5V to 5.5V, 2.7V to 5.5V, 
and 2.5V to 5.5V versions. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


1. 
When the ORG pin is connected to Vcc, the x 16 organization is selected. When it is connected to ground, the x B organiza- 
tion is selected. If the ORG pin is left unconnected, then an internal pullup device (of approximately 1 MO) will select the x 
16 organization. This feature is not available on 1.BV devices. 


Pin Capacitance(1) 


Applicable 
over 
recommended 
operating 
range 
from 
T A = 25°C, 
f = 1.0 
MHz, 
V cc = +5.0V 
(unless 
otherwise 
n Ited).----., 


:mditions 
Symbol 
Test 
Conditions 
Max 
Units 
( 


COUT 
Output 
Capacitance 
(DO) 
5 
pF 


CIN 
Input Capacitance 
(CS, SK, DI) 
5 
pF 


DC Characteristics 


Applicable 
over 
recommended 
operating 
range 
from: 
TAl = -40°C 
to +85°C, 
V cc = + 1.8V 
to +5.5V, 


TAC = O°C to +70°C, 
Vcc = +1.8V 
to +5.5V 
(unless 
otherwise 
noted). 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Unit 


Vcc, 
Supply 
Voltage 
1.8 
5.5 
V 


VCC2 
Supply 
Voltage 
2.5 
5.5 
V 


VCC3 
Supply 
Voltage 
2.7 
5.5 
V 


Vcc• 
Supply 
Voltage 
4.5 
5.5 
V 


READ at1.0 
MHz 
0.5 
2.0 
mA 
Icc 
Supply 
Current 
Vcc = 5.0V 
WRITE 
at 1.0 MHz 
0.5 
2.0 
mA 


1581 
Standby 
Current 
Vcc = 1.8V 
CS =OV 
0 
0.1 
!J.A 


1582 
Standby 
Current 
Vcc = 2.5V 
CS=OV 
6.0 
10.0 
!J.A 


1583 
Standby 
Current 
Vcc = 2.7V 
CS= 
OV 
6.0 
10.0 
!J.A 


1584 
Standby 
Current 
Vcc = 5.0V 
CS=OV 
17 
30 
!J.A 


IlL 
Input Leakage 
VIN = OV to Vcc 
0.1 
1.0 
!J.A 


IOL 
Output 
Leakage 
VIN = OV to Vcc 
0.1 
1.0 
~A 


V 
(1) 
Input Low Voltage 
-0.6 
0.8 
1L1 
4.5V ~ Vcc ~ 5.5V 
V 
V 
(1) 
Input High Voltage 
2.0 
Vcc + 1 
IHl 


V 
(1) 
Input Low Voltage 
-0.6 
Vccx 
0.3 
IL2 
1.8V ~ Vcc ~ 2.7V 
V 
V 
(1) 
Input High Voltage 
Vcc x 0.7 
Vcc + 1 
IH2 


VOL1 
Output 
Low Voltage 
IOL= 2.1 mA 
0.4 
V 


VOH1 
Output 
High Voltage 
4.5V ~ Vcc ~ 5.5V 
IOH= -0.4 mA 
2.4 
V 


VOL2 
Output 
Low Voltage 
IOL= 0.15 mA 
0.2 
V 


VOH2 
Output 
High Voltage 
1.8V ~ Vcc ~ 2.7V 
IOH= -100 ~A 
Vcc - 0.2 
V 
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Applicable 
over recommended 
operating 
range from T A = -40°C to + 85°C, Vcc = As Specified, 
CL = 1 TIL 
Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


4.5V" 
Vcc ,,5.5V 
0 
2 


15K 
SK Clock 
2.7V" 
Vcc ,,5.5V 
0 
1 
MHz 
Frequency 
2.5V" 
Vcc ,,5.5V 
0 
0.5 


1.8V" 
Vcc ,,5.5V 
0 
0.25 


4.5V" 
Vcc ,,5.5V 
250 


tsKH 
SK High Time 
2.7V" 
Vcc ,,5.5V 
250 


2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


tsKL 
SKLowTime 
2.7V" 
Vcc ,,5.5V 
250 


2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


les 
Minimum CS 
2.7V" 
Vcc ,,5.5V 
250 
Low Time 
2.5V " Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
50 


tcss 
CS Setup Time 
Relative to SK 
2.7V" 
Vcc ,,5.5V 
50 
2.5V" 
Vcc ,,5.5V 
100 
ns 


1.8V " Vcc ,,5.5V 
200 


4.5V" 
Vcc ,,5.5V 
100 


tOls 
01 Setup Time 
Relative to SK 
2.7V" 
Vcc ,,5.5V 
100 
2.5V" 
Vcc ,,5.5V 
200 
ns 


1.8V " Vcc ,,5.5V 
400 


tcsH 
CS Hold Time 
Relative to SK 
0 
ns 


4.5V " Vcc ,,5.5V 
100 


tOIH 
01 Hold Time 
Relative to SK 
2.7V" 
Vcc ,,5.5V 
100 
2.5V " Vcc ,,5.5V 
200 
ns 


1.8V" 
Vcc ,,5.5V 
400 


4.5V " Vcc ,,5.5V 
250 


tpD1 
Output Delay to '1' 
ACTest 
2.7V" 
Vcc ,,5.5V 
250 


2.5V " Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


Output Delay to '0' 
AC Test 
2.7V" 
Vcc ,,5.5V 
250 
tpDo 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


CS to Status 
Valid 
ACTest 
2.7V" 
Vcc ,,5.5V 
250 
tsv 
2.5V " Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
100 
CS to DO in High 
AC Test 
2.7V" 
Vcc ,,5.5V 
100 
tOF 
Impedance 
CS = V'L 
2.5V" 
Vcc ,,5.5V 
200 
ns 


1.8V" 
Vcc ,,5.5V 
400 


0.1 
10 
ms 
twP 
Write Cycle Time 


4.5V" 
Vcc ,,5.5V 
1 
ms 


Endurancelll 
5.0V, 25°C, Page Mode 
1M 
Write Cycles 


Op 
Address 
Data 


Instruction 
S8 
Code 
xB 
x16 
xB 
x16 
Comments 


READ 
1 
10 
A,;-Ao 
A5-Ao 
Reads 
data stored 
in me 
specified 
address . 


EWEN 
1 
00 
11XXXXX 
11XXXX 
Write 
enable 
must prece, 


programming 
modes. 


ERASE 
1 
11 
A,;-Ao 
A5- Ao 
Erase 
memory 
location 
J 


WRITE 
1 
01 
A,;-Ao 
A5- Ao 
07- 
Do 
015- Do 
Writes 
memory 
location 
I 


ERAL 
1 
00 
10XXXXX 
10XXXX 
Erases 
all memory 
locati 
only at Vcc = 4.5V to 5.5 


WRAL 
1 
00 
01XXXXX 
01XXXX 
07- 
Do 
015- Do 
Writes 
all memory 
locatic 


only at V cc = 4.5V to 5.5 


EWDS 
1 
00 
OOXXXXX 
OOXXXX 
Disables 
all programmin£ 


Op 
Address 
Data 


Instruction 
58 
Code 
xB 
x16 
xB 
x 16 
Comments 


READ 
1 
10 
A7- 
Ao 
Ar,-Ao 
Reads 
data stored 
in me 
specified 
address. 


EWEN 
1 
00 
11XXXXXX 
11XXXXX 
Write 
enable 
must prece< 


programming 
modes. 


ERASE 
1 
11 
A7- 
Ao 
As- Ao 
Erase 
memory 
location 
P 


WRITE 
1 
01 
A7- 
Ao 
A,;-Ao 
07- 
Do 
015- Do 
Writes 
memory 
location 
I 


ERAL 
1 
00 
10XXXXXX 
10XXXXX 
Erases 
all memory 
locati, 


only at Vcc = 4.5V to 5.5' 


WRAL 
1 
00 
01XXXXXX 
01XXXXX 
07- 
Do 
015- Do 
Writes 
all memory 
locatic 
only at Vcc = 4.5V to 5.5' 


EWDS 
1 
00 
OOXXXXXX 
OOXXXXX 
Disables 
all programmin£ 
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lory, at 


e all 


,-Ao· 


n -Ao· 


ns. Valid 


lS. Valid 


instructions. • 


lOry, at 


e all 


,-Ao· 


n - Ao· 


ns. Valid 


lS. Valid 


instructions. 
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Op 
Address 
Data 


Instruction 
58 
Code 
x8 
x16 
x8 
x16 
Comments 


READ 
1 
10 
As -A" 
A7-A" 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
00 
11XXXXXXX 
l1XXXXXX 
Write enable must precede all 
programming modes. 


ERASE 
1 
11 
As-A" 
A7.A" 
Erases memory location An - A". 


WRITE 
1 
01 
As - A" 
A7-A" 
D7- Do 
D15- Do 
Writes memory location An - A". 


ERAL 
1 
00 
10XXXXXXX 
10XXXXXX 
Erases all memory locations. Valid 
only at Vcc = 4.5V to 5.5V. 


WRAL 
1 
00 
01XXXXXXX 
01XXXXXX 
D7 - Do 
D15- Do 
Writes all memory locations. Valid 
when Vcc = 5.0V ± 10% and Disable 
Register cleared. 


EWDS 
1 
00 
OOXXXXXXX 
OOXXXXXX 
Disables all programming instructions. 


Functional 
Description 


The AT93C46/56/57/66 
is accessed 
via a simple 
and ver- 
satile 3-wire serial communication 
interface. 
Device opera- 
tion is controlled 
by seven 
instructions 
issued 
by the host 
processor. 
A valid 
instruction 
starts 
with 
a rising 
edge 
of CS and consists 
of a Start Bit (logic "1") followed 
by the 
appropriate 
Op Code 
and the desired 
memory 
Address 
location. 


READ 
(READ): 
The Read (READ) 
instruction 
contains 
the Address 
code for the memory 
location to be read. After 
the instruction 
and address 
are decoded, 
data from 
the 
selected 
memory 
location 
is available 
at the serial output 
pin DO. Output data changes 
are synchronized 
with the ris- 
ing edges 
of serial 
clock 
SK. It should 
be noted 
that 
a 
dummy 
bit (logic "0") precedes 
the 8- or 16-bit data output 
string. 


ERASEIWRITE 
(EWEN): 
To assure 
data integrity, 
the 
part 
automatically 
goes 
into 
the 
Erase/Write 
Disable 
(EWDS) 
state when power is first applied. 
An EraselWrite 
Enable 
(EWEN) 
instruction 
must be executed 
first before 
any programming 
instructions 
can be carried 
out. Please 
note that once in the EraselWrite 
Enable 
state, 
program- 
ming 
remains 
enabled 
until 
an 
Erase/Write 
Disable 
(EWDS) 
instruction 
is executed 
or Vcc power 
is removed 
from the part. 


ERASE 
(ERASE): 
The Erase 
(ERASE) 
instruction 
pro- 
grams all bits in the specified 
memory location to the logical 


"1" state. 
The 
self-timed 
erase 
cycle 
starts 
once 
the 
ERASE 
instruction 
and address 
are decoded. 
The DO pin 
outputs 
the 
READY/BUSY 
status 
of the 
part 
if CS is 
brought 
high after being kept low for a minimum 
of 250 ns 
(tcs)' A logic "1" at pin DO indicates 
that the selected 
mem- 
ory location 
has been 
erased, 
and the part is ready 
for 
another 
instruction. 


WRITE (WRITE): 
The Write (WRITE) 
instruction 
contains 
the 8 or 16 bits of data to be written into the specified 
mem- 
ory location. 
The self-timed 
programming 
cycle, twP, starts 
after the last bit of data is received 
at serial data input pin 
DI. The DO pin outputs the READY/BUSY 
status of the part 
if CS is brought 
high after being kept low for a minimum 
of 
250 ns (tcs)' A logic "0" at DO indicates 
that programming 
is still in progress. 
A logic "1" indicates 
that the memory 
location 
at the specified 
address 
has been written 
with the 
data pattern 
contained 
in the instruction 
and the part is 
ready for further instructions. 
A READY/BUSY 
status 
can- 
not be obtained 
if the CS is brought 
high 
after 
the end 
of the self-timed 
programming 
cycle, 
twp. 


ERASE 
ALL 
(ERAL): 
The Erase All (ERAL) 
instruction 
programs 
every 
bit in the memory 
array 
to the logic 
"1" 
state and is primarily 
used for testing purposes. 
The DO pin 
outputs 
the 
READY/BUSY 
status 
of the 
part 
if CS is 
brought 
high after being kept low for a minimum 
of 250 ns 
(tcs)' 
The ERAL 
instruction 
is valid 
only at Vcc = 5.0V ± 
10%. 


WRITE 
ALL 
(WRAL): 
The Write 
All (WRAL) 
instruction 
programs 
all memory locations 
with the data patterns spec- 
ified 
in the 
instruction. 
The 
DO 
pin 
outputs 
the 
READY/BUSY 
status of the part if CS is brought 
high after 
being kept low for a minimum 
of 250 ns (tcs)' The WRAL 
instruction 
is valid only at Vcc = 5.QV ± 10%. 


ERASEIWRITE 
DISABLE 
(EWDS): 
To protect 
against 
accidental 
data disturb, 
the EraselWrite 
Disable 
(EWDS) 
instruction 
disables 
all programming 
modes 
and should be 
executed 
after all programming 
operations. 
The operation 
of the READ instruction 
is independent 
of both the EWEN 
and EWDS instructions 
and can be executed 
at any time. 


Timing Diagrams 


Synchronous Data Timing 


VOH 


00 (PROGRAM) 
VOL 


AT93C46 
(1 K) 
AT93C56 
(2K) 
AT93C57 
(21<) 
AT93CE 
va 
x8 
x16 
x8 
x 16 
x8 
x16 
x8 


AN 
As 
As 
A (1) 
A7 
A7 
As 
As 
S 


ON 
°7 
°15 
°7 
°15 
°7 
°15 
°7 


CS 
~ 


SK ~lruUlJUUUlJlJlJl 


DI~~ 


----~ff~~ 
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• 
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EWENTiming 


cs ~ 
SK 


01 


EWDSTiming 


cs ~ 
SK 


cS~ 
# 
~ 
SK~tru11~ 


HIGH 
IMPEDANCE 
/I 
DO 
/I 
READY 


WRAL Timing(1) 


/I 


cs ~ 


If 


SK 


01 
0 
0 
0 


HIGH 
IMPEDANCE 
/I 
DO 
II 
READY 


cs -I' 
• 


cs -I' 
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AlmEL 


twP (max) 
Ice (max) 
IS8 (max) 
fMAX 
(ms) 
(IIA) 
(IIA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
2000 
AT93C46-10PC 
8P3 
Commercial 


AT93C46-10SC 
8S1 
(O°C to 70°C) 


AT93C46R-10SC 
8S1 


AT93C46W-10SC 
8S2 


AT93C46-10TC 
8T 


30.0 
2000 
AT93C46-10PI 
8P3 
Industrial 


AT93C46-10SI 
8S1 
(-40°C 
to 85°C) 


AT93C46R-10SI 
8S1 


AT93C46W-10SI 
8S2 


AT93C46-10TI 
8T 


10 
800 
10.0 
1000 
AT93C46-10PC-2.7 
8P3 
Commercial 


AT93C46-10SC-2.7 
8S1 
(O°C to 70°C) 


AT93C46R-1 
OSC-2.7 
8S1 


AT93C46W-1 
OSC-2. 7 
8S2 


AT93C46-1 
OTC-2. 7 
8T 


10.0 
1000 
AT93C46-10PI-2.7 
8P3 
Industrial 


AT93C46-10SI-2.7 
8S1 
HO°C 
to 85°C) 


AT93C46R-10SI-2.7 
8S1 


AT93C46W-1 
OSI-2. 7 
8S2 


AT93C46-1 
OTI-2. 7 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


R 
Rotated 
Pinout 


twP (max) 
lee (max) 
ISB (max) 
fMAX 


(ms) 
(IIA) 
(IIA) 
(kHz) 
Ordering 
Code 
Package 
Opera 


10 
600 
10.0 
500 
AT93C46-10PC-2.5 
8P3 
COI 


AT93C46-10SC-2.5 
8S1 
(O°C 


AT93C46R-10SC-2.5 
8S1 


AT93C46W-10SC-2.5 
8S2 


AT93C46-10TC-2.5 
8T 


10.0 
500 
AT93C46-10PI-2.5 
8P3 
In 


AT93C46-10SI-2.5 
8S1 
(-40° 


AT93C46R-10SI-2.5 
8S1 


AT93C46W-10SI-2.5 
8S2 


AT93C46-10TI-2.5 
8T 


10 
80 
0.1 
250 
AT93C46-10PC-1.8 
8P3 
COI 


AT93C46-10SC-1.8 
8S1 
(0°(, 


AT93C46R-10SC-1.8 
8S1 


AT93C46W-1 
OSC-1 .8 
8S2 


AT93C46-10TC-1.8 
8T 


0.1 
250 
AT93C46-10PI-1.8 
8P3 
In 


AT93C46-10SI-1.8 
8S1 
(-40° 


AT93C46R-10SI-1.8 
8S1 


AT93C46W-10SI-1.8 
8S2 


AT93C46-10TI-1.8 
8T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


8T 
8-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


R 
Rotated 
Pinout 


AlmEL 


ion Range 


lmercial 


to 70°C) • 
lust rial 


: to 85°C) 


Imercial 


to 70°C) 


ustrial 


: to 85°C) 


AlmEL 


twP (max) 
lee (max) 
ISB (max) 
fMAX 


(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
2000 
AT93C56-10PC 
8P3 
Commercial 


AT93C56-10SC 
8S1 
(O°C to 70°C) 


AT93C56W-10SC 
8S2 


30.0 
2000 
AT93C56-10PI 
8P3 
Industrial 


AT93C56-10SI 
8S1 
(-40°C 
to 85°C) 


AT93C56W-10SI 
8S2 


10 
800 
10.0 
1000 
AT93C56-10PC-2.7 
8P3 
Commercial 


AT93C56-10SC-2.7 
8S1 
(O°C to 70°C) 


AT93C56W-1 
OSC-2. 7 
8S2 


10.0 
1000 
AT93C56-1 
OPI-2. 7 
8P3 
Industrial 


AT93C56-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT93C56W-10SI-2.7 
8S2 


10 
600 
10.0 
500 
AT93C56-10PC-2.5 
8P3 
Commercial 


AT93C56-10SC-2.5 
8S1 
(O°C to 70°C) 


AT93C56W-10SC-2.5 
8S2 


10.0 
500 
AT93C56-10PI-2.5 
8P3 
Industrial 


AT93C56-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


AT93C56W-10SI-2.5 
8S2 


Package 
Type 


8P3 
8-lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


8S1 
8-lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(JEDEC 
SOIC) 


852 
8-lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
low 
Voltage 
(2.7V to 5.5V) 


-2.5 
low 
Voltage 
(2.5V to 5.5V) 


R 
Rotated 
Pinout 


twP (max) 
Icc (max) 
Isa (max) 
fMAX 


(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Opera 


10 
2000 
30.0 
2000 
AT93C57 -1 OPC 
8P3 
Cor 


AT93C57-10SC 
8S1 
(O°C 


AT93C57W-10SC 
8S2 


30.0 
2000 
AT93C57-10PI 
8P3 
In 


AT93C57-10SI 
8S1 
(-40° 


AT93C57W-10SI 
8S2 


10 
800 
10.0 
1000 
AT93C57-10PC-2.7 
8P3 
Cor 


AT93C57-10SC-2.7 
8S1 
(O°C 


AT93C57W-1 
OSC-2. 7 
8S2 


10.0 
1000 
AT93C57-10PI-2.7 
8P3 
In 


AT93C57-10SI-2.7 
8S1 
(-40°' 


AT93C57W-1 
OSI-2. 7 
8S2 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


R 
Rotated 
Pinout 


AlmEL 


ion Range 


Imercial 


to 70°C) ,. 
ustrial 


: to 85°C) 


Imercial 


to 70°C) 


uslrial 


: to 85°C) 


AlmEL 


twP (max) 
Icc (max) 
'S8 (max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
2000 
AT93C66-10PC 
8P3 
Commercial 


AT93C66-10SC 
8S1 
(O°C to 70°C) 


AT93C66W-l0SC 
8S2 


30.0 
2000 
AT93C66-10PI 
8P3 
Industrial 


AT93C66-10SI 
8S1 
(-40°C 
to 85°C) 


AT93C66W-l0SI 
8S2 


10 
800 
10.0 
1000 
AT93C66-1 
OPC-2. 7 
8P3 
Commercial 


AT93C66-10SC-2.7 
8S1 
(O°C to 70°C) 


AT93C66W-l 
OSC-2. 7 
8S2 


10.0 
1000 
AT93C66-10PI-2.7 
8P3 
Industrial 


AT93C66-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT93C66W-l 
OSI-2. 7 
8S2 


10 
600 
10.0 
500 
AT93C66-10PC-2.5 
8P3 
Commercial 


AT93C66-10SC-2.5 
8S1 
(O°C to 70°C) 


AT93C66W-l0SC-2.5 
8S2 


10.0 
500 
AT93C66-10PI-2.5 
8P3 
Industrial 


AT93C66-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


AT93C66W-l0SI-2.5 
8S2 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


8S1 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8S2 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Operation 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


R 
Rotated 
Pinout 


• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 


• 3-Wire Serial Interface 
• 2 MHz Clock Rate (5V) Compatibility 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>4,OOOV 


• Automotive 
Grade and Extended Temperature Devices Available 


• S-Pin PDIP, S-Pin JEDEC SOIC, and S-Pin TSSOP Packages 


Description 


The AT93C46A 
provides 
1024 bits of serial electrically 
erasable 
programmable 
read 


only memory 
(EEPROM) 
organized 
as 64 words of 16 bits each. The device 
is opti- 


mized for use in many industrial 
and commercial 
applications 
where 
low power and 


low voltage operation 
are essential. 
The AT93C46A 
is available 
in space saving B-pin 


PDIP, B-pin JEDEC, 
and B-Pin TSSOP 
packages. 


The AT93C46A 
is enabled 
through 
the Chip Select 
pin (CS), and accessed 
via a 3- 


wire serial interface 
consisting 
of Data Input (01), Data Output 
(DO), and Shift Clock 


(SK). Upon receiving 
a READ instruction 
at 01, the address 
is decoded 
and the data is 


clocked 
out serially 
on the data output 
pin DO. The WRITE 
cycle is completely 
self- 


timed and no separate 
ERASE 
cycle is required 
before WRITE. 
The WRITE 
cycle is 


only enabled 
when 
the part is in the ERASE/WRITE 
ENABLE 
state. 
When 
CS is 


brought 
"high" 
following 
the initiation 
of a WRITE 
cycle, 
the DO pin outputs 
the 


READY/BUSY 
status of the part. 


The AT93C46A 
is available 
in 4.5V to 5.5V, 2.7V to 5.5V, and 2.5V to 5.5V versions. 


a-Pin PDIP 
csOa vcc 
SK 
2 
7 
OC 
01 
3 
6 
NC 
00 
4 
5 
GNO 


Pin Name 
Function 


CS 
Chip Select 


SK 
Serial Data Clock 


DI 
Serial Data Input 


DO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


NC 
No Connect 


DC 
Don't Connect 


a-Pin SOIC 
csOa 
vcc 
SK 
2 
7 
OC 
01 
3 
6 
NC 
00 
4 
5 
GNO 


VCC 
OC 
NC 
GNO 


AlmEL 


3-Wire 
Serial EE 'ROM 


"NOTICE: 
Stresses 
beyond 
those 
listed 
under 
"Absolute 


Maximum 
Ratings' 
may cause 
permanent 
dam- 


age to the device. 
This is a stress 
rating only and 


functional 
operation 
of the device 
at these or any 


other 
conditions 
beyond 
those 
indicated 
in the 


operational 
sections 
of this specification 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 


conditions 
for extended 
periods 
may affect 
device 
reliability. 


AlmEL 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0V to +7.0V 


Pin Capacitance(1) 


Applicable 
over 
recommended 
operating 
range 
from 
T A = 25°C, 
f = 1.0 MHz, 
V cc = +5.0V 
(unless 
otherwise 
nc 
ed).---..., 
nditions 


)UT = OV 


'IN=OV 


Symbol 
Test 
Conditions 
Max 
Units 
C 


COUT 
Output 
Capacitance 
(DO) 
5 
pF 
\ 


C1N 
Input Capacitance 
(CS, SK, 01) 
5 
pF 


Applicable 
over 
recommended 
operating 
range 
from: 
TAl = -40°C 
to +85°C, 
Vcc = +2.5V 
to +5.5V, 
TAC = 0° 
; to +70°C, 


Vcc= 
+2.5V 
to +5.5V 
(unless 
otherwise 
noted). 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply 
Voltage 
1.8 
5.5 
V 


VCC2 
Supply 
Voltage 
2.5 
5.5 
V 


VCC3 
Supply 
Voltage 
2.7 
5.5 
V 


Vec4 
Supply 
Voltage 
4.5 
5.5 
V 


READ 
at1.0 
MHz 
0.5 
2.0 
mA 
Ice 
Supply 
Current 
Vee = 5.0V 
WRITE 
at 1.0 MHz 
0.5 
2.0 
mA 


1581 
Standby 
Current 
Vee = 2.5V 
CS=OV 
14.0 
20.0 
~A 


1582 
Standby 
Current 
Vee = 2.7V 
CS=OV 
14.0 
20.0 
~A 


1583 
Standby 
Current 
Vee = 5.0V 
CS=OV 
35.0 
50.0 
~A 


IlL 
Input Leakage 
V1N= OV to Vee 
0.1 
1.0 
~A 


IOL 
Output 
Leakage 
V1N= OV to Vee 
0.1 
1.0 
~A 


V 
(1) 
Input Low Voltage 
-0.6 
0.8 
1L1 
4.5V $ Vee $ 5.5V 
V 
V 
(1) 
Input High Voltage 
2.0 
Vee + 1 
IHl 
V 
(1) 
Input Low Voltage 
-0.6 
VeexO.3 
1L2 
1.8V $ Vee $ 2.7V 
V 
V 
(1) 
Input High Voltage 
VeexO.7 
Vee + 1 
IH2 


VOL1 
Output 
Low Voltage 
10L= 2.1 mA 
0.4 
V 


VOH1 
Output 
High Voltage 


4.5V $ Vee $ 5.5V 
IOH= -0.4 mA 
2.4 
V 


VOL2 
Output 
Low Voltage 
IOL= 0.15 mA 
0.2 
V 


VOH2 
Output 
High Voltage 


1.8V $ Vee $ 2.7V 
IOH= -100 ~A 
Vee• 
0.2 
V 


AlmEL 


• 


AlmEL 


AC Characteristics 


Applicable 
over recommended 
operating 
range from T A = -40°C to + 85°C, Vcc = +2.5V to + 5.5V, 


CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Mln 
Typ 
Max 
Units 


4.5V'; 
Vcc ,; 5.5V 
0 
2 


ISK 
SK Clock Frequency 
2.7V'; 
Vcc ,; 5.5V 
0 
1 
MHz 
2.5V'; 
Vcc ,; 5.5V 
0 
0.5 


1.8V'; Vcc ,; 5.5V 
0 
0.25 


4.5V'; 
Vcc ,; 5.5V 
250 


tSKH 
SK High Time 
2.7V" 
Vcc ,,5.5V 
250 
2.5V'; 
Vcc ,,5.5V 
500 
ns 


1.8V'; Vcc ,; 5.5V 
1000 


4.5V" 
Vcc ,; 5.5V 
250 


tSKl 
SK Low Time 
2.7V'; Vcc ,,5.5V 
250 
2.5V'; 
Vcc ,; 5.5V 
500 
ns 


1.8V'; Vcc ,; 5.5V 
1000 


4.5V'; 
Vcc ,; 5.5V 
250 


les 
Minimum CS Low Time 
2.7V'; 
Vcc ,; 5.5V 
250 
2.5V'; 
Vcc ,; 5.5V 
500 
ns 


1.8V'; Vcc ,,5.5V 
1000 


4.5V'; 
Vcc ,; 5.5V 
50 


less 
CS Setup Time 
Relative to SK 
2.7V'; 
Vcc ,; 5.5V 
50 
2.5V "Vcc 
,,5.5V 
100 
ns 


1.8V'; Vcc ,,5.5V 
200 


4.5V ,; Vcc ,; 5.5V 
100 


tOIS 
DI Setup Time 
Relative to SK 
2.7V'; 
Vcc ,; 5.5V 
100 
2.5V" 
Vcc ,; 5.5V 
200 
ns 


1.8V'; Vcc ,; 5.5V 
400 


IeSH 
CS Hold Time 
Relative to SK 
0 
ns 


4.5V ,; Vcc ,,5.5V 
100 


tOlH 
DI Hold Time 
Relative to SK 
2.7V'; 
Vcc ,; 5.5V 
100 
2.5V'; 
Vcc ,; 5.5V 
200 
ns 


1.8V" 
Vcc ,,5.5V 
400 


4.5V" 
Vcc ,; 5.5V 
250 


tpD1 
OutpU1Delay to '1' 
ACTest 
2.7V'; 
Vcc ,,5.5V 
250 


2.5V ,; Vcc ,; 5.5V 
500 
ns 


1.8V" 
Vcc ,; 5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


tpoo 
OutpU1Delay to '0' 
ACTest 
2.7V" 
Vcc ,; 5.5V 
250 
2.5V'; 
Vcc ,; 5.5V 
500 
ns 


1.8V'; Vcc ,; 5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


CS to Status Valid 
AC Test 
2.7V" 
Vcc ,,5.5V 
250 
tsv 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,; 5.5V 
1000 


4.5V " Vcc ,; 5.5V 
100 


CS to DO in High 
AC Test 
2.7V" 
Vcc ,,5.5V 
100 
tOF 
ns 
Impedance 
CS = V'l 
2.5V'; 
Vcc ,; 5.5V 
200 


1.8V'; Vcc ,; 5.5V 
400 


0.1 
10 
ms 
twP 
Write Cycle Time 
4.5V" 
Vcc ,,5.5V 
1 
ms 


Endurance!') 
5.0V, 25°C, Page Mode 
1M 
Write Cycle 


Address 


Instruction 
58 
Op Code 
x16 
Comments 


READ 
1 
10 
As - Ao 
Reads 
data stored 
in memory, 
at specified 
address. 


EWEN 
1 
00 
11XXXX 
Write 
enable 
must precede 
all programming 
modes. 


ERASE 
1 
11 
As- Ao 
Erase memory 
location 
An - Ao. 


WRITE 
1 
01 
As-Ao 
Writes 
memory 
location 
An - Ao. 


ERAL 
1 
00 
10XXXX 
Erases 
all memory 
locations. 
Valid only at Vcc = 4.5V to 5.5V. 


WRAL 
1 
00 
01XXXX 
Writes 
all memory 
locations. 
Valid only at Vcc = 4.5V to 5.5V. 


EWDS 
1 
00 
OOXXXX 
Disables 
all programming 
instructions. 


Functional 
Description 


The AT93C46A 
is accessed 
via a simple 
and versatile 


three-wire 
serial communication 
interface. 
Device opera- 
tion is controlled 
by seven instructions 
issued by the host 


processor. 
A valid 
instruction 
starts 
with 
a rising 
edge 


of CS and consists of a Start Bit (logic "1") followed by the 
appropriate 
Op Code and the desired 
memory 
Address 


location. 


READ (READ): 
The Read (READ) instruction 
contains 


the Address code for the memory location to be read. After 
the instruction 
and address 
are decoded, 
data from the 


selected 
memory location is available 
at the serial output 


pin DO. Output data changes are synchronized with the ris- 
ing edges 
of serial 
clock 
SK. It should 
be noted that a 


dummy bit (logic "0") precedes the 16-bit data output string. 


ERASEIWRITE 
(EWEN): 
To assure 
data integrity, 
the 


part automatically 
goes 
into the 
Erase/Write 
Disable 


(EWDS) state when power is first applied. An Erase/Write 
Enable (EWEN) instruction 
must be executed first before 


any programming 
instructions 
can be carried out. Please 


note that once in the Erase/Write 
Enable state, program- 


ming 
remains 
enabled 
until 
an Erase/Write 
Disable 


(EWDS) instruction 
is executed 
or Vcc power is removed 


from the part. 


ERASE 
(ERASE): 
The Erase (ERASE) 
instruction 
pro- 


grams all bits in the specified memory location to the logical 
"1" state. 
The self-timed 
erase 
cycle 
starts 
once 
the 


ERASE instruction 
and address are decoded. The DO pin 
outputs 
the 
READY/BUSY 
status 
of the part 
if CS is 
brought high after being kept low for a minimum of 250 ns 
(tcs). A logic "1" at pin DO indicates that the selected mem- 
ory location 
has been erased, 
and the part is ready for 
another instruction. 


AlmEL 


WRITE (WRITE): 
The Write (WRITE) instruct )n contains 


the 16 bits of data to be written into the specif ~d memory 
location. The self-timed programming cycle, twP starts after 
the last bit of data is received 
at serial data il put pin DI. 


The DO pin outputs the READY/BUSY 
status (f the part if 


CS is brought 
high after being kept low for a 
linimum 
of 


250 ns (tcs)' A logic "0" at DO indicates that pi )gramming 
is still in progress. 
A logic "1" indicates 
that t Ie memory 


location at the specified address has been writ ,In with the 
data pattern 
contained 
in the instruction 
and the part is 


ready for further instructions. A READY/BUSY. 
tatus can- 
not be obtained 
if the CS is brought 
high af er the end 
of the self-timed 
programming 
cycle, twP' 


ERASE ALL (ERAL): 
The Erase All (ERAL) instruction 


programs 
every bit in the memory 
array to It e logic "1" 


state and is primarily used for testing purposes. 
-he DO pin 


outputs 
the 
READY/BUSY 
status 
of the 
pc rt if CS is 


brought high after being kept low for a minimur 
I of 250 ns 


(tcs). The ERAL instruction 
is valid only at V( ; = 5.0V ± 


10%. 


WRITE ALL (WRAL): 
The Write All (WRAL) 
nstruction 


programs all memory locations with the data pat ems spec- 
ified 
in the 
instruction. 
The 
DO 
pin 
ou 
puts 
the 
READY/BUSY 
status of the part if CS is broug~ 
high after 


being kept low for a minimum 
of 250 ns (tcs)' 
'he WRAL 
instruction is valid only at Vcc = 5.0V ± 10%. 


ERASEIWRITE 
DISABLE 
(EWDS): 
To proll ct against 


accidental 
data disturb, the Erase/Write 
Disab 3 (EWDS) 


instruction disables all programming 
modes anc should be 


executed after all programming 
operations. 
ThE operation 


of the READ instruction 
is independent 
of both 
he EWEN 


and EWDS instructions and can be executed at 
.ny time. 


• 
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Timing Diagrams 


Synchronous Data Timing 


VOH 


DO (READ) 
VOL 


AT93C46A 


I/O 
x16 


AN 
As 


ON 
D,S 


~--------(( 
\- -------( 
(\--------~ 
SKJ 
)))) 
~ 


DI~ 
txAOA-------.( ( 
)\-) ---------- 


DO 
....•• 
()~~ 


~--- 


Note: 
1. 
Requiresa minimumof nineclockcycles. 


EWDS Timing(1) 
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,. 
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II 
Ir...-....... 
~ 
)))) 
~ 
L 


__ 
HI_G_H_IM_PE_D_A_N_C_E 
I I 
) ) 


1("... 
...••( l------,. •__ ~ 


»)) 
'\:V 


DI~~·· 


1. 
Valid only at Vcc = 4.5V to 5.5V. 


2. 
Requires a minimum of nine clock cycles. 


TERAL Timing(l} 


SK 


DI~~'" 


AN-, 
AN-2 
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twP (max) 
Ice (max) 
IS8 (max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
50.0 
2000 
AT93C46A-10PC 
8P3 
Commercial 


AT93C46A-10SC 
8S1 
(O°C to 70°C) 


AT93C46A-10TC 
8T 


10 
2000 
50.0 
2000 
AT93C46A-10PI 
8P3 
Industrial 


AT93C46A-10SI 
8S1 
(-40°C 
to 85°C) 


AT93C46A-10TI 
8T 


10 
800 
20.0 
1000 
AT93C46A-10PC-2.7 
8P3 
Commercial 


AT93C46A-10SC-2.7 
8S1 
(O°C to 70°C) 


AT93C46A-1 
OTC-2. 7 
8T 


10 
800 
20.0 
1000 
AT93C46A-10PI-2.7 
8P3 
Industrial 


AT93C46A-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT93C46A-10TI-2.7 
8T 


10 
600 
20.0 
500 
AT93C46A-10PC-2.5 
8P3 
Commercial 


AT93C46A-10SC-2.5 
8S1 
(O°C to 70°C) 


AT93C46A-10TC-2.5 
8T 


10 
600 
20.0 
500 
AT93C46A-10PI-2.5 
8P3 
Industrial 


AT93C46A-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


AT93C46A-10TI-2.5 
8T 


Package 
Type 


8P3 
a-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
a-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


8T 
a-Lead, 
0.170" 
Wide, 
Thin Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


• 
Low-Voltage 
and Standard-Voltage 
Operation 
- 
5.0 (Vee = 4.5V to 5.5V) 
- 
2.7 (Vee = 2.7V to 5.5V) 
- 
2.5 (Vee = 2.5V to 5.5V) 
• 
3-Wire 
Serial 
Interface 
• 
Schmitt 
Trigger, 
Filtered 
Inputs 
for Noise 
Suppression 
• 
2 MHz Clock 
Rate (5V) Compatibility 
• 
Self·Timed 
Write 
Cycle 
(10 ms max) 
• 
High 
Reliability 
- 
Endurance: 
1 Million 
Write 
Cycles 
- 
Data Retention: 
100 Years 
- 
ESD Protection: 
>4000V 
• 
Automotive 
Grade 
and Extended 
Temperature 
Devices 
Available 
• 
a-Pin 
PDIP and JEDEC 
SOIC Packages 


Description 


The AT93C46C 
provides 
1024 bits of serial electrically-erasable 
programmable 
read 
only memory 
(EEPROM) 
organized 
as 64 words of 16 bits each. The device 
is opti- 
mized for use in many industrial 
and commercial 
applications 
where 
low-power 
and 
low-voltage 
operation 
are essential. 
The AT93C46C 
is available 
in space saving 8-pin 
PDIP and 8-pin JEDEC 
SOIC packages. 


The AT93C46C 
is enabled 
through 
the Chip Select pin (CS), and accessed 
via a 3- 
wire serial interface 
consisting 
of Data Input (01), Data Output 
(DO), and Shift Clock 
(SK). Upon receiving 
a READ instruction 
at 01, the address is decoded 
and the data is 
clocked 
out serially 
on the data output 
pin DO. The WRITE 
cycle is completely 
self- 
timed and no separate 
ERASE cycle is required 
before WRITE. 
The WRITE 
cycle is 
only enabled 
when 
the part is in the ERASE/WRITE 
ENABLE 
state. 
When 
CS is 
brought 
"high" 
following 
the initiation 
of a WRITE 
cycle, 
the DO pin outputs 
the 
READY/BUSY 
status of the part. 


The AT93C46C 
is available 
in 4.5V to 5.5V, 2.7V to 5.5V, and 2.5V to 5.5V versions. 


Pin Name 
Function 


CS 
Chip Select 


SK 
Serial Data Clock 


DI 
Serial Data Input 


DO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


NC 
No Connect 


DC 
Don't Connect 


csOa vcc 
SK 
2 
7 
DC 


01 
3 
6 
NC 


DO 
4 
5 
GND 


a-Pin SOIC 
csOa 
VCC 
SK 
2 
7 
DC 


DI 
3 
6 
NC 


DO 
4 
5 
GND 
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3-Wire 
Serial EEP ROM • 


"NOTICE: 
Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
dam- 


age to the device. 
This is a stress 
rating only and 
functional 
operation 
of the device 
at these or any 
other 
conditions 
beyond 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 
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Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0V to +7.0V 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise 
notE j).---., 
ditions 
Symbol 
Test Conditions 
Max 
Units 
Cor 


COUT 
Output Capacitance (DO) 
5 
pF 
Vo 


C1N 
Input Capacitance (CS, SK, 01) 
5 
pF 
V 


Applicable 
over recommended 
operating 
range from: TAl = -40°C to +85°C, Vcc = +2.5V to +5.5V, 
TAC = O°C to +70°C, Vcc = +2.5V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


VCC1 
Supply Voltage 
2.5 
5.5 


VCC2 
Supply Voltage 
2.7 
5.5 


VCC3 
Supply Voltage 
4.5 
5.5 


READ at 1.0 MHz 
0.5 
2.0 
'cc 
Supply Current 
Vcc= 5.0V 
WRITE at 1.0 MHz 
0.5 
2.0 


15B1 
Standby Current 
Vcc= 2.5V 
CS=OV 
14.0 
20.0 


15B2 
Standby Current 
Vcc= 2.7V 
CS= OV 
14.0 
20.0 


15B3 
Standby Current 
Vcc= 5.0V 
CS=OV 
35.0 
50.0 


IlL 
Input Leakage 
V1N= OVto Vcc 
0.1 
1.0 


'OL 
Output Leakage 
V1N= OVto Vcc 
0.1 
1.0 


V 
(1) 
Input Low Voltage 
-0.6 
Vcc x 0.3 
1L1 
2.5V ~ Vcc ~ 5.5V 
V 
(1) 
Input High Voltage 
Vcc x 0.7 
Vcc + 1 
IH1 


VOL1 
Output Low Voltage 
IOL= 2.1 mA 
0.4 


VOH1 
Output High Voltage 
4.5V ~ Vcc ~ 5.5V 
IOH= -0.4 mA 
2.4 


VOL2 
Output Low Voltage 
IOL= 0.15 mA 
0.2 


2.5V ~ Vcc ~ 2.7V 
VOH2 
Output High Voltage 
IOH= -100 l1A 
VCC-0.2 


AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to + 85°C, Vcc = +2.5V to + 5.5V, 
CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 


15K 
SK Clock Frequency 
4.5V ~ Vcc ~ 5.5V 
0 
2 
2.7V ~ Vcc ~ 5.5V 
0 
1 
2.5V ~ Vcc ~ 5.5V 
0 
0.5 


tSKH 
SK High Time 
4.5V ~ Vcc ~ 5.5V 
250 
2.7V ~ Vcc ~ 5.5V 
250 
2.5V ~ Vcc ~ 5.5V 
500 


tSKL 
SK Low Time 
4.5V ~ Vcc ~ 5.5V 
250 
2.7V ~ Vcc ~ 5.5V 
250 
2.5V ~ Vcc ~ 5.5V 
500 
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T=OV 
,= OV 


Units 


MHz 


• 
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AC Characteristics 
(Continued) 


Applicable 
over recommended 
operating 
range from T A = ·40°C to + 85°C, Vcc = +2.5V to + 5.5V, 
CL = 1 TIL 
Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


4.5V ,,;Vcc 
,,; 5.5V 
250 
tcs 
Minimum 
CS Low Time 
2.7V"; 
Vcc 
,,; 5.5V 
250 
ns 
2.5V ,,;Vcc 
,,; 5.5V 
500 


4.5V"; 
Vcc 
,,;5.5V 
50 
tcss 
CS Setup Time 
Relative 
to SK 
2.7V"; 
Vcc 
,,;5.5V 
50 
ns 
2.5V"; 
Vcc 
,,;5.5V 
100 


4.5V"; 
Vcc 
,,;5.5V 
100 
tOIS 
01 Setup Time 
Relative 
to SK 
2.7V"; 
Vcc 
,,;5.5V 
100 
ns 
2.5V"; 
Vcc 
,,;5.5V 
200 


tCSH 
CS Hold Time 
Relative 
to SK 
0 
ns 


4.5V"; 
Vcc 
,,; 5.5V 
100 


tOIH 
01 Hold Time 
Relative 
to SK 
2.7V"; 
Vcc 
,,; 5.5V 
100 
ns 
2.5V"; 
Vcc 
,,; 5.5V 
200 


4.5V"; 
Vcc 
,,; 5.5V 
250 
tp01 
Output 
Delay to '1' 
AC Test 
2.7V"; 
Vcc 
,,; 5.5V 
250 
ns 
2.5V"; 
Vcc 
,,; 5.5V 
500 


4.5V"; 
Vcc 
,,; 5.5V 
250 
tPDQ 
Output 
Delay to '0' 
AC Test 
2.7V"; 
Vcc 
,,; 5.5V 
250 
ns 
2.5V"; 
Vcc 
,,; 5.5V 
500 


4.5V"; 
Vcc 
,,; 5.5V 
250 


tsv 
CS to Status 
Valid 
AC Test 
2.7V"; 
Vcc 
,,; 5.5V 
250 
ns 
2.5V"; 
Vcc 
,,; 5.5V 
500 


AC Test 
4.5V"; 
Vcc 
,,;5.5V 
100 
tOF 
CS to DO in High Impedance 
CS = V1l 
2.7V"; 
Vcc 
,,;5.5V 
100 
ns 
2.5V"; 
Vcc 
,,;5.5V 
200 


0.1 
10 
ms 
twP 
Write 
Cycle Time 
4.5V"; 
Vcc 
,,;5.5V 
1 
rns 


Endurance(l) 
5.0V, 25°C, 
Page Mode 
1 M 
Write 
Cycle 


Address 


Instruction 
S8 
Op Code 
x16 
Comments 


READ 
1 
10 
As - A" 
Reads data stored in memory, at specified address. 


EWEN 
1 
00 
11XXXX 
Write enable must precede all programming modes. 


ERASE 
1 
11 
As-A" 
Erase memory location An - A". 


WRITE 
1 
01 
As - A" 
Writes memory location An- AQ• 


ERAL 
1 
00 
10XXXX 
Erases all memory locations. Valid only at Vcc = 4.5V to 5.5V. 


WRAL 
1 
00 
01XXXX 
Writes all memory locations. Valid only at Vcc = 4.5V to 5.5V. 


EWDS 
1 
00 
OOXXXX 
Disables all programming instructions. 


Functional 
Description 


The AT93C46C 
is accessed 
via a simple 
and versatile 


three-wire 
serial 
communication 
interface. 
Device 
opera- 


tion is controlled 
by seven 
instructions 
issued 
by the host 


processor. 
A valid 
instruction 
starts 
with 
a rising 
edge 


of CS and consists 
of a Start Bit (logic "1") followed 
by the 


appropriate 
Op Code 
and the desired 
memory 
Address 


location. 


READ 
(READ): 
The Read (READ) 
instruction 
contains 


the Address 
code for the memory 
location to be read. After 


the instruction 
and address 
are decoded, 
data from 
the 


selected 
memory 
location 
is available 
at the serial output 


pin DO. Output data changes 
are synchronized 
with the ris- 
ing edges 
of serial 
clock 
SK. It should 
be noted 
that 
a 


dummy 
bit (logic "0") precedes 
the 16-bit data output string. 


ERASEIWRITE 
(EWEN): 
To assure 
data integrity, 
the 


part 
automatically 
goes 
into 
the 
Erase/Write 
Disable 


(EWDS) 
state when power is first applied. 
An EraselWrite 


Enable 
(EWEN) 
instruction 
must be executed 
first before 


any programming 
instructions 
can be carried 
out. Please 


note that once in the EraselWrite 
Enable 
state, 
program- 
ming 
remains 
enabled 
until 
an 
Erase/Write 
Disable 


(EWDS) 
instruction 
is executed 
or Vcc power 
is removed 


from the part. 


ERASE 
(ERASE): 
The Erase 
(ERASE) 
instruction 
pro- 
grams all bits in the specified 
memory location to the logical 


"1" state. 
The 
self-timed 
erase 
cycle 
starts 
once 
the 


ERASE 
instruction 
and address 
are decoded. 
The DO pin 


outputs 
the 
READY/BUSY 
status 
of the 
part 
if CS is 


brought 
high after being kept low for a minimum 
of 250 ns 


(tcs). A logic "1" at pin DO indicates 
that the selected 
mem- 


ory location 
has been 
erased, 
and the part is ready 
for 


another 
instruction. 
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WRITE (WRITE): 
The Write (WRITE) 
instruc ion contains 


the 16 bits of data to be written 
into the speci ied memory 


location. 
The self-timed 
programming 
cycle tll'; , starts after 


the last bit of data is received 
at serial 
data 
1put pin DI. 


The DO pin outputs the READY/BUSY 
status 
)f the part if 
CS is brought 
high after being 
kept low for a minimum 
of 


250 ns (tcs)' A logic "0" at DO indicates 
that ~ 'ogramming 


is still in progress. 
A logic "1" indicates 
that 
he memory 


location 
at the specified 
address 
has been wr ten with the 


data 
pattern 
contained 
in the instruction 
an 
the part is 


ready for further 
instructions. 
A Ready/Busy 
:;tatus 
can- 


not be obtained 
if the CS is brought 
high 
a ter the end 


of the self-timed 
programming 
cycle, 
twp. 


ERASE 
ALL 
(ERAL): 
The Erase All (ERAll 
instruction 


programs 
every 
bit in the memory 
array 
to 
1e logic 
"1" 


state and is primarily used for testing purposes 
The DO pin 


outputs 
the 
READY/BUSY 
status 
of the 
~ Ht 
if CS is 


brought 
high after being kept low for a miniml 
n of 250 ns 


(tcs)' 
The ERAL 
instruction 
is valid 
only at \i ~c = 5.0V ± 


10%. 


WRITE 
ALL 
(WRAL): 
The Write 
All (WRAl 
instruction 


programs 
all memory 
locations 
with the data p. Items spec- 
ified 
in the 
instruction. 
The 
DO 
pin 
0 ltputs 
the 


READY/BUSY 
status of the part if CS is brou~ 1t high after 


being 
kept low for a minimum 
of 250 ns (tcs) 
The WRAL 


instruction 
is valid only at Vcc = 5.0V ± 10%. 


ERASEIWRITE 
DISABLE 
(EWDS): 
To pre ect against 


accidental 
data disturb, 
the EraselWrite 
Disa >Ie (EWDS) 


instruction 
disables 
all programming 
modes ar d should be 


executed 
after all programming 
operations. 
TI e operation 


of the READ instruction 
is independent 
of bot 
the EWEN 


and EWDS instructions 
and can be executed 
a any time. 
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Timing Diagrams 


Synchronous Data Timing 


VOH 


DO (PROGRAM) 
VOL 


AT93C46C 


I/O 
x 16 


AN 
As 


ON 
015 


((- 
II_-- 
\ tcsr 
)))) 
V 


(()-) ---------- 


--------()~~ 


---------(( 
--- 


CS 
~ 
)) 
\::Y 


t:=XX\ 
_ 


Note: 
1. 
Requires a minimum of nine clock cycles. 


EWDS Timing(1) 


--------~( 
(--- 


cs~ 
))~ 


)==xK\ 
_ 


AlmEL 


• 


AlmEl 


DI~~'" 


_H_IG_H_IM_P_E_D_AN_C_E 
__ 
~( 
( 
) ) 


_H_IG_H_IM_P_E_D_AN_C_E 
~( 
( 
) ) 


cs ~ 


Notes: 
1. 
Valid only at Vcc = 4.SV to S.Sv. 


2. 
Requires a minimum of nine clock cycles. 


SK~ 
• 


CS --.! 


CS --.! 
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twP (max) 
Ice (max) 
IsB(max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
50.0 
2000 
AT93C46C-10PC 
8P3 
Commercial 


AT93C46C-10SC 
8S1 
(O°C to 70°C) 


10 
2000 
50.0 
2000 
AT93C46C-10PI 
8P3 
Industrial 


AT93C46C-10SI 
8S1 
(-40°C 
to 85°C) 


10 
800 
20.0 
1000 
AT93C46C-1 
OPC-2. 7 
8P3 
Commercial 


AT93C46C-1 
OSC-2. 7 
8S1 
(O°C to 70°C) 


10 
800 
20.0 
1000 
AT93C46C-10PI-2.7 
8P3 
Industrial 


AT93C46C-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


10 
600 
20.0 
500 
AT93C46C-10PC-2.5 
8P3 
Commercial 


AT93C46C-10SC-2.5 
8S1 
(O°C to 70°C) 


10 
600 
20.0 
500 
AT93C46C-10PI-2.5 
8P3 
Industrial 


AT93C46C-10SI-2.5 
8S1 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-2.5 
Low Voltage 
(2.5V to 5.5V) 


• low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 2.5 (Vcc = 2.5V to 5.5V) 


• User Selectable Internal Organization 


- 1K: 128 x 8 or 64 x 16 
- 2K: 256 x 8 or 128 x 16 
- 4K: 512 x 8 or 256 x 16 


• 4-Wire Serial Interface 
• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 
100 Years 


- ESD Protection: 
>4000V 


• 8-Pin PDIP and 8-Pin EIAJ SOIC Packages 


Description 


The AT59C11/22/13 
provides 
1024/2048/4096 
bits of serial 
EEPROM 
(Electrically 


Erasable 
Programmable 
Read Only Memory) 
organized 
as 64/128/256 
words of 16 


bits each, when the ORG 
Pin is connected 
to Vcc and 128/256/512 
words 
of 8 bits 
each when it is tied to ground. 
The device is optimized 
for use in many industrial 
and 


commercial 
applications 
where 
low power 
and low voltage 
operation 
are essential. 


The AT59C11/22/13 
is available 
in space 
saving 
8-pin 
PDIP and 8-pin 
EIAJ SOIC 


packages. 


The AT59C11/22/13 
is enabled 
through the Chip Select pin (CS), and accessed 
via a 
4-wire 
serial 
interface 
consisting 
of Data 
Input (01), Data Output 
(DO), 
and Clock 


(CLK). Upon receiving 
a READ instruction 
at 01, the address 
is decoded 
and the data 


is clocked 
out serially on the data output pin DO, the WRITE 
cycle is completely 
self- 
timed and no separate 
ERASE 
cycle is required 
before WRITE. 
The WRITE 
cycle is 


only enabled when the part is in the ERASEIWRITE 
ENABLE 
state. Ready/Busy 
sta- 


tus can be monitored 
upon completion 
of a programming 
operation 
by polling 
the 


Ready/Busy 
pin. 


The AT59C11/22/13 
is available 
in 5.0V ± 10%, 2.7V to 5.5V and 2.5V to 5.5V ver- 


sions. 


Pin Name 
Function 


CS 
Chip Select 


ClK 
Serial Data Clock 


01 
Serial Data Input 


DO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


ORG 
Internal Organization 


ROY/BUSY 
Status Output 


8-Pin PDIP 
CS08 
VCC 
ClK 
2 
7 
ROY/BUSY 


01 
3 
6 
ORG 
00 
4 
5 
GNO 


8-Pin SOIC 
csOa 
vcc 
ClK 
2 
7 
ROY/BUSY 


01 
3 
6 
ORG 
00 
4 
5 
GNO 
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A1i1EL... 
®. 


4-Wire Ser ial 
EEPROMs 


1K(128x8orE4x16) 


2K (256 X 8 or 
28 x 16) 


4K (512 x 8 or ~56 x 16) 


AT59C11 
AT59C22 
AT59C13 


AlmEL 


1 
~e0- 
'NOTICE: 
Stresses beyond those listed under 
,,($ 
Maximum Ratings" may cause perm< 
• 
age to the device. This is a stress ratin, 
functional operation of the device at the, 
other conditions beyond those indicated i, 
operational sections of this specification is 
implied. Exposure to absolute maximum ratl. 
conditions for extended periods may affect 
device reliability 


Voltage on Any Pin 
with Respect to Ground 
·1.0V to +7.0V 


Note: 
1. 
When the ORG pin is connected to Vcc. the x 16 organization is selected. When it is connected to ground, the x 8 organiza· 
tion is selected. If the ORG pin is left unconnected. then an internal pullup device will select the x 16 organization. 


Pin Capacitance(1) 


Applicable 
over 
recommended 
operating 
range 
from 
TA = 25°C, 
f = 1.0 MHz, 
V cc = +5.0V 
(unless 
otherwise 
nc ted). 


Symbol 
Test Conditions 
Max 
Units 
C 


COUT 
Output 
Capacitance 
(DO) 
5 
pF 
\, 


CIN 
Input Capacitance 
(CS, CLK, 01, ROY/BUSY) 
5 
pF 
\ 


)UT = OV 


IN=OV 


Applicable 
over 
recommended 
operating 
range 
from: 
TAl = -40°C 
to +85°C, 
V cc = +2.5V 
to +5.5V, 


TAC = O°C to +70°C, 
Vcc 
= +2.5V 
to +5.5V 
(unless 
otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
U 


VCC1 
Supply 
Voltage 
1.8 
5.5 


VCC2 
Supply 
Voltage 
2.5 
5.5 


VCC3 
Supply 
Voltage 
2.7 
5.5 


VCC4 
Supply 
Voltage 
4.5 
5.5 


READ 
at 1.0 MHz 
0.5 
2.0 


Icc 
Supply 
Current 
Vcc = 5.0V 
WRITE 
at 1.0 MHz 
0.5 
2.0 


1561 
Standby 
Current 
Vcc = 2.5V 
CS=OV 
6.0 
10.0 


1562 
Standby 
Current 
Vcc = 2.7V 
CS=OV 
6.0 
10.0 


1563 
Standby 
Current 
Vcc = 5.0V 
CS=OV 
21.0 
30.0 


IlL 
Input Leakage 
V'N = OV to Vcc 
0.1 
1.0 


IOL 
Output 
Leakage 
VIN = OV to Vcc 
0.1 
1.0 


V 
(1) 
Input Low Voltage 
-0.6 
0.8 
1L1 
4.5V s Vcc 
S 5.5V 
VIH1(1) 
Input High Voltage 
2.0 
Vcc + 1 


V 
(1) 
Input Low Voltage 
-0.6 
Vcc x 0.3 
1L2 
2.5V S Vcc 
S 2.7V 
V 
(1) 
Input High Voltage 
Vcc x 0.7 
Vcc + 1 
IH2 


VOL1 
Output 
Low Voltage 
4.5V s Vcc 
S 5.5V 


IOL= 2.1 mA 
0.4 
VOH1 
Output 
High Voltage 
IOH= 0.4 mA 
2.4 


VOL2 
Output 
Low Voltage 
2.5V S Vcc 
S 2.7V 
IOL= 0.15 mA 
0.2 
VOH2 
Output 
High Voltage 
IOH= -0.1 mA 
Vcc - 0.2 


• 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, Vcc = +2.5V to +5.5V, 


CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


4.5V" 
Vcc " 5.5V 
0 
1 


fCLK 
CLK Clock 
2.7V" 
Vcc " 5.5V 
0 
1 
MHz 
Frequency 
2.5V" 
Vcc " 5.5V 
0 
0.5 
1.8V" Vcc ,,5.5V 
0 
0.25 


4.5V" 
Vcc ,,5.5V 
250 


IeKH 
CLK High Time 
2.7V" 
Vcc ,,5.5V 
250 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


tCKL 
CLK Low Time 
2.7V" 
Vcc ,,5.5V 
250 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


les 
Minimum CS Low 
2.7V" 
Vcc ,,5.5V 
250 
Time 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
50 


less 
CS Setup Time 
Relative to SK 
2.7V" 
Vcc ,,5.5V 
50 
2.5V" 
Vcc ,,5.5V 
100 
ns 


1.8V" 
Vcc ,,5.5V 
200 


4.5V" 
Vcc ,,5.5V 
100 


tOls 
01 Setup Time 
Relative to SK 
2.7V" 
Vcc ,,5.5V 
100 
2.5V" 
Vcc ,,5.5V 
200 
ns 


1.8V " Vcc ,,5.5V 
400 


IeSH 
CS Hold Time 
Relative to SK 
0 
ns 


4.5V" 
Vcc ,,5.5V 
100 


tOIH 
01 Hold Time 
Relative to SK 
2.7V " Vcc ,,5.5V 
100 
2.5V" 
Vcc ,,5.5V 
200 
ns 


1.8V" 
Vcc ,,5.5V 
400 


4.5V" 
Vcc ,,5.5V 
250 


tpD1 
Output Delay to '1' 
AC Test 
2.7V" 
Vcc ,,5.5V 
250 
2.5V " Vcc ,,5.5V 
500 
ns 


1.8V" 
Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


Output Delay to '0' 
AC Test 
2.7V" 
Vcc ,,5.5V 
250 


tpDo 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V " Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
250 


ROY/BUSY Delay to 
AC Test 
2.7V" 
Vcc ,,5.5V 
250 
tReo 
Status Valid 
2.5V" 
Vcc ,,5.5V 
500 
ns 


1.8V" Vcc ,,5.5V 
1000 


4.5V" 
Vcc ,,5.5V 
100 
CS to DO in High 
AC Test 
2.7V" 
Vcc ,,5.5V 
100 


lez 
ns 
Impedance 
CS = V,L 
2.5V" 
Vcc ,,5.5V 
200 
1.8V" Vcc ,,5.5V 
400 


twc 
Write Cycle Time 
0.1 
10 
ms 


Endurance!') 
5.0V, 25°C, Page Mode 
1M 
Write Cycles 


Op 
Address 
Data 


Instruction 
58 
Code 
x8 
x16 
x8 
x16 
Comments 


READ 
1 
10XX 
As-Ao 
As- Ao 
Reads 
data stored 
in memo 
specified 
address. 


EWEN 
1 
0011 
XXXXXXX 
XXXXXX 
Write 
enable 
must precede, 
I 


programming 
modes. 


WRITE 
1 
X1XX 
As-Ao 
As-Ao 
Dr 
Do 
D1S- 
Do 
Writes 
memory 
location 
An - 


ERAL 
1 
0010 
XXXXXXX 
XXXXXX 
Erases 
all memory 
locations 
at Vcc = 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXX 
XXX XXX 
D7- 
Do 
D1S- 
Do 
Writes 
all memory 
locations. 


at Vcc = 4.5V to 5.5V. 


EWDS 
1 
0000 
XXXXXXX 
XXX XXX 
Disables 
all programming 
instructions. 


Op 
Address 
Data 


Instruction 
58 
Code 
x8 
x16 
x8 
x16 
Comments 


READ 
1 
10XX 
A7 -Ao 
As-Ao 
Reads 
data stored 
in memor 
specified 
address. 


EWEN 
1 
0011 
XXXXXXXX 
XXXXXXX 
Write 
enable 
must precede 
a 
programming 
modes. 


WRITE 
1 
X1XX 
A7- 
Ao 
As-Ao 
07- 
Do 
D,s- 
Do 
Writes 
memory 
location 
An - , 


ERAL 
1 
0010 
XXXXXXXX 
XXXXXXX 
Erases 
all memory 
locations. 


at Vcc = 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXXX 
XXXXXXX 
D7- Do 
015- 
Do 
Writes 
all memory 
locations. 
, 


Vcc = 5.0V ± 10% and Oisabl 
cleared. 


EWOS 
1 
0000 
XXXXXXXX 
XXXXXXX 
Disables 
all programming 
inst 
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3lid when 
Register 


• 
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Op 
Address 
Data 


Instruction 
SB 
Code 
x8 
x16 
x8 
x16 
Comments 


READ 
1 
10XX 
As -Ao 
A7- Ao 
Reads data stored in memory, at 
specified address. 


EWEN 
1 
0011 
XXXXXXXXX 
XXXXXXXX 
Write enable must precede all 
programming modes. 


WRITE 
1 
X1XX 
As-Ao 
A7- Ao 
07- Do 
015- Do 
Writes memory location An - Ao. 


ERAL 
1 
0010 
XXXXXXXXX 
XXXXXXXX 
Erases all memory locations. Valid only 
at Vcc = 4.5V to 5.5V. 


WRAL 
1 
0001 
XXXXXXXXX 
XXXXXXXX 
07- Do 
015- Do 
Writes all memory locations. Valid when 
Vcc = 5.OV± 10% and Disable Register 
cleared. 


EWDS 
1 
0000 
XXXXXXXXX 
XXXXXXXX 
Disabies all programming instructions. 


Functional 
Description 


The AT59C11/22/13 
are accessed 
via a simple and versa- 
tile 4-wire serial communication 
interface. 
Device operation 
is controlled 
by six instructions 
issued 
by the host proces- 
sor. A valid 
instruction 
starts 
with 
a rising 
edge 
of CS 
and consists 
of a Start Bit (logic "1") followed 
by the appro- 
priate Op Code and the desired 
memory Address 
location. 


READ 
(READ): 
The Read (READ) 
instruction 
contains 
the Address 
code for the memory 
location to be read. After 
the instruction 
and address 
are decoded, 
data from 
the 
selected 
memory 
location 
is available 
at the serial output 
pin DO. Output data changes 
are synchronized 
with the ris- 
ing edges 
of serial 
clock 
ClK. 
It should 
be noted 
that a 
dummy 
bit (logic "0") precedes 
the 8- or 16-bit data output 
string. 


ERASE/WRITE 
(EWEN): 
To assure 
data integrity, 
the 
part 
automatically 
goes 
into 
the 
Erase/Write 
Disable 
(EWDS) 
state when power is first applied. 
An EraselWrite 
Enable 
(EWEN) 
instruction 
must be executed 
first before 
any programming 
instructions 
can be carried 
out. Please 
note that once in the EraselWrite 
Enable 
state, 
program- 
ming 
remains 
enabled 
until 
an 
Erase/Write 
Disable 
(EWDS) 
instruction 
is executed 
or Vcc power 
is removed 
from the part. 


WRITE 
(WRITE): 
The Write (WRITE) 
instruction 
contains 
the 8 or 16 bits of data to be written into the specified 
mem- 
ory location. 
The self-timed 
programming 
cycle, twP, starts 


after the last bit of data is received 
at serial data input pin 
DI. The Ready/Busy 
status 
of the AT59C11 /22/13 
can be 
determined 
by polling 
the RDY/BUSY 
pin. A logic 
"0" at 
RDY/BUSY 
indicates 
that programming 
is still in progress. 


A logic "1" indicates 
that the memory 
location 
at the speci- 
fied address 
has been written 
with the data pattern 
con- 
tained 
in the instruction 
and the part is ready for further 
instructions. 


ERASE 
ALL 
(ERAL): 
The Erase All (ERAl) 
instruction 
programs 
every 
bit in the memory 
array 
to the logic 
"1" 


state 
and 
is primarily 
used 
for testing 
purposes. 
The 
Ready/Busy 
status 
of the AT59C11/22/13 
can be deter- 
mined by polling the RDY/BUSY 
pin. The ERAl 
instruction 
is valid only at Vcc = 5.0V ± 10%. 


WRITE 
ALL 
(WRAL): 
The Write 
All (WRAl) 
instruction 
programs 
all memory 
locations 
with the data patterns spec- 
ified 
in the 
instruction. 
The 
Ready/Busy 
status 
of the 
AT59C11/22/13 
can 
be 
determined 
by 
polling 
the 
RDY/BUSY 
pin. The 
WRAl 
instruction 
is valid 
only 
at 
Vcc = 5.0V ± 10%. 


ERASE/WRITE 
DISABLE 
(EWDS): 
To protect 
against 
accidental 
data disturb, 
the EraselWrite 
Disable 
(EWDS) 
instruction 
disables 
all programming 
modes and should be 
executed 
after all programming 
operations. 
The operation 
of the READ instruction 
is independent 
of both the EWEN 
and EWDS instructions 
and can be executed 
at any time. 


Timing Diagrams 


Synchronous Data Timing 


----- 
1 
IlS(1) 
~14 


VOH 
DO (READ) 
VOL 
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Density 1K 
Density 2K 
Density 4K 


VO 
x8 
x16 
x8 
x16 
x8 
x16 


AN 
Ar, 
A5 
A] 
Ar, 
As 
A] 


ON 
0] 
°15 
0] 
°15 
0] 
°15 


READ Timing 


cs 
~ 


CLK 


01 


DO 


HIGH·Z 


WRITE Timing 


CS 
~ 


ClK 


DI 


RDY/BUSY 


II 


7/ Wllill!illIIIl! 
/1rulfl 


EWENIEWDS Timing 


cs ~ 


01 ~o 
oc-\ 
X 
X 
X 
X 
X 
X 
X 


ENABLE = 11 
"DISABLE = 00 


CS 
~ 


xxxxxxxi 
~ 


RDY/BUSY-----------------r;0 


cs ~ 
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twc (max) 
Ice (max) 
'S8 (max) 
fMAX 
(ms) 
(~A) 
(~A) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
1000 
AT59Cll 
-1 OPC 
8P3 
Commercial 


AT59Cll 
W-l OSC 
8S2 
(O°C to 70°C) 


30.0 
1000 
AT59Cll-l0PI 
8P3 
Industrial 


AT59Cll 
W-l OSI 
8S2 
(-40°C 
to 85°C) 


10 
800 
10.0 
1000 
AT59Cll-l0PC-2.7 
8P3 
Commercial 


AT59CllW-l0SC-2.7 
8S2 
(O°C to 70°C) 


10.0 
1000 
AT59Cll-l 
OPI-2. 7 
8P3 
Industrial 


AT59Cll 
W-l OSI-2. 7 
8S2 
(-40°C 
to 85°C) 


10 
600 
10.0 
500 
AT59Cll-l0PC-2.5 
8P3 
Commercial 


AT59Cll 
W-l OSC-2.5 
8S2 
(O°C to 70°C) 


10.0 
500 
AT59Cll-l0PI-2.5 
8P3 
Industrial 


AT59C11 W-1 OSI-2.5 
8S2 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8-Lead. 
0.300" 
Wide. 
Plastic 
Dual Inline 
Package 
(PDIP) 


852 
8-Lead. 
0.200" 
Wide. 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


twe (max) 
lee (max) 
IS8 (max) 
'MAX 


(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
1000 
AT59C22-10PC 
8P3 
Commercial 


AT59C22W-10SC 
8S2 
WCto 
70°C) 


30.0 
1000 
AT59C22-10PI 
8P3 
Industrial 


AT59C22W-10SI 
8S2 
(-40°C 
to 85°C) 


10 
800 
10.0 
1000 
AT59C22-1 
OPC-2. 7 
8P3 
Commercial 


AT59C22W-1 
OSC-2.7 
8S2 
(O°C to 70°C) 


10.0 
1000 
AT59C22-10PI-2.7 
8P3 
Industrial 


AT59C22W-1 
OSI-2. 7 
8S2 
(-40°C 
to 85°C) 


10 
600 
10.0 
500 
AT59C22-10PC-2.5 
8P3 
Commercial 


AT59C22W-10SC-2.5 
8S2 
(O°C to 70°C) 


10.0 
500 
AT59C22-10PI-2.5 
8P3 
Industrial 


AT59C22W-10SI-2.5 
8S2 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


8S2 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 
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twc (max) 
Icc (max) 
'SB (max) 
fMAX 


(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
30.0 
1000 
AT59C13-10PC 
8P3 
Commercial 


AT59C13W-l0SC 
8S2 
(O°C to 70°C) 


30.0 
1000 
AT59C13-10PI 
8P3 
Industrial 


AT59C13W-l0SI 
8S2 
(-40°C 
to 85°C) 


10 
800 
10.0 
1000 
AT59C13-1 
OPC-2. 7 
8P3 
Commercial 


AT59C13W-l 
OSC-2.7 
8S2 
(O°C to 70°C) 


10.0 
1000 
AT59C13-1 
OPI-2. 7 
8P3 
Industrial 


AT59C13W-l0SI-2.7 
8S2 
(-40°C 
to 85°C) 


10 
600 
10.0 
500 
AT59C13-10PC-2.5 
8P3 
Commercial 


AT59C13W-l0SC-2.5 
8S2 
(O°C to 70°C) 


10.0 
500 
AT59C13-10PI-2.5 
8P3 
Industrial 


AT59C13W-l0SI-2.5 
8S2 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


852 
8-Lead, 
0.200" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(EIAJ SOle) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low-Voltage 
(2.7V to 5.5V) 


-2.5 
Low-Voltage 
(2.5V to 5.5V) 


Features 


• Serial Peripheral Interface (SPI) Compatible 
• Supports SPI Modes 0 (0,0) and 3 (1,1) 
• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 1.8 (Vcc = 1.8V to 3.6V) 


• 2.1 MHz Clock Rate (5V) Compatibility 
• 8-Byte Page Mode 
• Block Write Protection 
- Protect 1/4, 1/2, or Entire Array 


• Write Protect (WP) Pin and Write Disable Instructions 
for 


Both Hardware and Software Data Protection 


• Self-Timed Write Cycle (10 ms max) 
• High Reliability 
- Endurance: 1 Million Write Cycles 
- Data Retention: 100 Years 
- ESD Protection: 
>4000V 


• Automotive 
Grade and Extended Temperature Devices Available 


• 8-Pin PDIP and JEDEC SOIC Packages 


Description 


The AT2501010201040 
provides 
1024/2048/4096 
bits of serial 
electrically 
erasable 


programmable 
read only memory 
(EEPROM) 
organized 
as 128/2561512 
words of 8 


bits each. The device is optimized 
for use in many industrial 
and commercial 
applica- 
tions where low power and low voltage operation 
are essential. 
The AT250WI0201040 


is available 
in space saving 8-pin PDIP and 8-pin JEDEC 
(SOIC) packages. 


The AT2501010201040 
is enabled through 
the Chip Select pin (CS) and accessed 
via 
a 3-wire 
interface 
consisting 
of Serial 
Data Input (SI), Serial 
Data Output 
(SO), and 


Serial Clock (SCK). All programming 
cycles are completely 
self-timed, 
and no sepa- 


rate ERASE cycle is required 
before WRITE. 


BLOCK WRITE 
protection 
is enabled 
by programming 
the status register with one of 
four blocks of write protection. 
Separate 
program 
enable and program 
disable 
instruc- 
tions are provided 
for additional 
data protection. 
Hardware 
data protection 
is provided 


via the WP pin to protect 
against 
inadvertent 
write attempts. 
The HOLD pin may be 
used to suspend 
any serial communication 
without 
reselling 
the serial sequence. 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Data Clock 


SI 
Serial Data Input 


SO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


WP 
Write Protect 


HOLD 
Suspends Serial Input 


B-Pin PDIP 
csOa 
VCC 
so 
2 
7 
HOLD 


WP 
3 
6 
SCK 
GND 
4 
5 
SI 


8-Pin SOIC 
csOa 
vcc 
SO 
2 
7 
HOLD 


WP 
3 
6 
5CK 
GND 
4 
5 
51 
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A1IDEL 
-------(@ 


SPI Serial 
EEPROMs 


1K (128 x 8) 


2K (256 x 8) 


4K (512 x 8) 


AT25010 
AT25020 
AT25040 
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"NOTICE: 
Stresses 
beyond 
those 
listed under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
dam- 
age to the device. 
This is a stress 
rating only and 
functional 
operation 
of the device 
at these or any 
other 
conditions 
beyond 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Voltage 
on Any Pin 
with Respect 
to Ground 
-1.0V to + 7.0V 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°e, f = 1.0 MHz, Vcc = +5.0V (unless otherwise 
noted). 


Symbol 
Test Conditions 
Max 
Units 
Conditions 


COUT 
Output Capacitance (SO) 
8 
pF 
VOUT=OV 


C,N 
Input Capacitance (CS, SCK, SI, WP, HOLD) 
6 
pF 
V,N = OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: TAl = -40oe to +85°e, 
Vcc = +1.8V to +5.5V, TAC= ooe to +70oe, 
Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Max 
Units 


V 
(1) 
Supply Voltage 
1.8 
5.5 
V 
CC1 


VCC2 
Supply Voltage 
2.7 
5.5 
V 


VCC3 
Supply Voltage 
4.5 
5.5 
V 


ICC1 
Supply Current 
Vcc = 5.0V atl 
MHz, SO = Open 
3.0 
mA 


Icc2 
Supply Current 
Vcc = 5.0V at 2 MHz, SO = Open 
6.0 
mA 


I 
(1) 
Standby Current 
Vcc=1.8V 
CS = Vcc 
100 
!1A 
SB1 


ISB2 
Standby Current 
Vcc = 2.7V 
CS = Vcc 
100 
!1A 


ISB3 
Standby Current 
Vcc = 5.0V 
CS = Vcc 
100 
!1A 


I'L 
Input leakage 
V,N = OVto Vcc 
-0.6 
3.0 
!1A 


10L 
Output leakage 
V,N = OVto Vcc, TAC= O°Cto 70°C 
-0.6 
3.0 
!1A 
V,L(2) 
Input low Voltage 
-0.6 
Vcc x 0.3 
V 


V (2) 
Input High Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 
IH 


VOL1 
Output low Voltage 
IOL= 2.0 mA 
0.4 
V 


VOH1 
Output High Voltage 
4.5V s Vcc S 5.5V 
IOH= -1.0 mA 
Vcc - 0.8 
V 


VOL2 
Output low Voltage 
IOL= 0.15 mA 
0.2 
V 


VOH2 
Output High Voltage 


1.8V s Vcc S 3.6V 
IOH= -100!1A 
Vcc - 0.2 
V 


Notes: 
1. This parameter is preliminary and Atmel may change the specifications upon further characterization. 


2. 
V,Lmin and V,Hmax are reference only and are not tested. 
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Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, Vcc = As Specified, 
CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Min 
Max 
Units 


4.5 - 5.5 
0 
2.1 
fSCK 
SCK Clock Frequency 
2.7 - 5.5 
0 
2.1 
MHz 
1.8 - 3.6 
0 
0.5 


4.5 - 5.5 
2 
tAl 
Input Rise Time 
2.7 - 5.5 
2 
lis 
1.8 - 3.6 
2 


4.5- 5.5 
2 
tFI 
Input Fall Time 
2.7- 5.5 
2 
lis 
1.8 - 3.6 
2 


4.5 - 5.5 
200 
tWH 
SCK High Time 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
800 


4.5 - 5.5 
200 
tWl 
SCK Low Time 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
800 


4.5 - 5.5 
250 
tcs 
CS High Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
250 


less 
CS Setup Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
250 


IeSH 
CS Hold Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
50 
tsu 
Data In Setup Time 
2.7 - 5.5 
50 
ns 
1.8 - 3.6 
100 


4.5 - 5.5 
50 
tH 
Data In Hold Time 
2.7 - 5.5 
100 
ns 
1.8 - 3.6 
100 


4.5 - 5.5 
100 
tHD 
Hold Setup Time 
2.7 - 5.5 
100 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
200 
Ico 
Hold Hold Time 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
0 
200 
tv 
Output Valid 
2.7 - 5.5 
0 
400 
ns 
1.8 - 3.6 
0 
800 


4.5 - 5.5 
0 


tHo 
Output Hold Time 
2.7 - 5.5 
0 
ns 
1.8 - 3.6 
0 


AC Characteristics 
(Continued) 


Applicable 
over recommended 
operating 
range from T A = -40°C to +85°C, Vcc = As Specified, 
CL = 1 TIL 
Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Mln 
Max 
Units 


4.5- 5.5 
0 
100 
tLZ 
Hold to Output Low Z 
2.7 - 5.5 
0 
100 
ns 
1.8 - 3.6 
0 
100 


4.5 - 5.5 
100 


tHZ 
Hold to Output High Z 
2.7 - 5.5 
100 
ns 


1.8 - 3.6 
100 


4.5 - 5.5 
250 


tOIS 
Output Disable Time 
2.7-5.5 
500 
ns 


1.8 - 3.6 
1000 


4.5- 5.5 
10 
twc 
Write Cycle Time 
2.7-5.5 
ms 
1.8-3.6 


Endurance 
5.0V, 25°C, Page Mode 
1M 
Write Cycles 
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Serial Interface 
Description 


MASTER: 
The device that generates 
the serial clock. 


SLAVE: 
Because 
the Serial Clock pin (SCK) is always an 


input, the AT2501010201040 
always operates 
as a slave. 


TRANSMITTER/RECEIVER: 
The AT2501010201040 
has 


separate 
pins designated 
for data transmission 
(SO) and 


reception 
(SI). 


MSB: 
The 
Most 
Significant 
Bit (MSB) 
is the 
first 
bit 
transmitted 
and received. 


SERIAL 
OP-CODE: 
After the device 
is selected 
with CS 


going low, the first byte will be received. 
This byte contains 
the op-code 
that defines 
the operations 
to be performed. 


The 
op-code 
also 
contains 
address 
bit A8 in both 
the 
READ and WRITE 
instructions. 


INVALID 
OP-CODE: 
If an invalid op-code 
is received, 
no 


data will 
be shifted 
into the AT2501010201040, 
and the 
serial output pin (SO) will remain in a high impedance 
state 


until the falling edge of CS is detected 
again. This will rein i- 
tialize the serial communication. 


CHIP SELECT: 
The AT2501010201040 
is selected 
when 


the CS pin is low. When the device is not selected, data will 
not be accepted 
via the SI pin, and the serial 
output 
pin 


(SO) will remain in a high impedance 
state. 


HOLD: 
The HOLD pin is used in conjunction 
with the CS 


pin to select 
the AT2501010201040. 
When 
the device 
is 


selected 
and a serial sequence 
is underway, 
HOLD can be 


used to pause 
the serial 
communication 
with the master 
device without 
resetting 
the serial sequence. 
To pause, the 


HOLD pin must be brought low while the SCK pin is low. To 
resume 
serial 
communication, 
the HOLD 
pin is brought 
high while the SCK pin is low (SCK may still toggle during 
HOLD). 
Inputs to the SI pin will be ignored while the SO pin 


is in the high impedance 
state. 


WRITE 
PROTECT: 
The write protect 
pin (WP) will allow 
normal 
readlwrite 
operations 
when 
held high. When 
the 
WP pin is brought 
low, all write 
operations 
are inhibited. 
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WP going low while CS is still low will interrupt a write to the 
AT2501010201040. 
If the internal 
write 
cycle 
has already 


been 
initiated, 
WP going 
low will have 
no effect 
on any 


write operation. 


DATA OUT (MOSI) 
SI 


DATA IN (MISO) 
SO 


SERIAL CLOCK (SPI CK) 
SCK 
- 
sso 
CS 


SS1 f-- 
- 


SI 
SS2 - 
0-- - 
SO 


SS3 
SCK 
- 
CS- 


SI 


>-- - 
SO 


SCK 


CS 


---- 
SI 


- 
SO 


SCK 


CS 


Functional 
Description 


The AT2501 0/020/040 
is designed 
to interface 
directly with 


the synchronous 
serial 
peripheral 
interface 
(SPI) 
of the 
6805 and 68HC11 
series of microcontrollers. 


The AT25010/020/040 
utilizes 
an 8-bit instruction 
register. 
The list of instructions 
and their operation 
codes are con- 
tained in Table 
1. All instructions, 
addresses, 
and data are 
transferred 
with the MSB first and start with a high-to-low 
CS transition. 


Instruction 
Instruction 


Name 
Format 
Operation 


WREN 
0000 X110 
Set Write Enable Latch 


WRDI 
0000 X100 
Reset Write Enable Latch 


RDSR 
0000 X101 
Read Status Register 


WRSR 
0000 X001 
Write Status Register 


READ 
0000 A011 
Read Data from Memory Array 


WRITE 
0000 A010 
Write Data to Memory Array 


Note: 
"Au represents MSB address bit A8. 


WRITE 
ENABLE 
(WREN): 
The device 
will power 
up in 
the write 
disable 
state when V cc is applied. 
All program- 
ming instructions 
must therefore 
be preceded 
by a Write 
Enable instruction. 
The WP pin must be held high during a 
WREN instruction. 


WRITE 
DISABLE 
(WRDI): 
To protect the device against 
inadvertent 
writes, the Write Disable instruction 
disables all 
programming 
modes. The WRDI instruction 
is independent 
of the status of the WP pin. 


READ 
STATUS 
REGISTER 
(RDSR): 
The Read Status 
Register 
instruction 
provides 
access 
to the status register. 


The READY/BUSY 
and Write 
Enable 
status of the device 
can be determined 
by the RDSR instruction. 
Similarly, 
the 
Block Write Protection 
bits indicate 
the extent of protection 
employed. 
These 
bits are set by using the WRSR 
instruc- 
tion. 
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Bit 
Definition 


Bit 0 (RDY) 
Bit 0 ~ 0 (RDY) indicates the device is READY. 
Bit 0 ~ 1 indicates the write cycle is in progress. 


Bit 1 ~ 0 indicates the device is not WRITE 
Bit 1 (WEN) 
ENABLED. Bit 1 ~ 1 indicates the device is 
WRITE ENABLED. 


Bit 2 (BPO) 
See Table 4. 


Bit 3 (BP1) 
See Table 4. 


Bits 4-7 are Oswhen device is not in an internal write cycle. 


Bits 0-7 are 1s during an internal write cycle. 


WRITE 
STATUS 
REGISTER 
(WRSR): 
The 
WRSR 
instruction 
allows 
the user to select 
one of four levels 
of 
protection. 
The AT25010/020/040 
is divided 
into four array 
segments. 
Top quarter 
(1/4), 
Top half (1/2), 
or all of the 
memory segments 
can be protected. 
Any of the data within 
any selected 
segment 
will therefore 
be READ 
only. 
The 
block write protection 
levels and corresponding 
status reg- 
ister control bits are shown in Table 4. 


The two bits, BP1 and BPO are nonvolatile 
cells that have 
the same properties 
and functions 
as the regular 
memory 
cells (e.g. WREN, twc, RDSR). 


Status 
Register 
Bits 
Array Addresses 
Protected 


Level 
BP1 
BPO 
AT25010 
AT25020 
AT25040 


0 
0 
0 
None 
None 
None 


1 (1/4) 
0 
1 
60-7F 
CO-FF 
180-1FF 


2 (1/2) 
1 
0 
40-7F 
80-FF 
100-lFF 


3 (Ail) 
1 
1 
00-7F 
OO-FF 
000-lFF 


READ 
SEQUENCE 
(READ): 
Reading 
the 
AT25010/020/040 
via the SO (Serial 
Output) 
pin requires 
the following 
sequence. 
After the CS line is pulled 
low to 
select a device, 
the READ op-code 
(including 
A8) is trans- 


mitted 
via the Sl line followed 
by the byte address 
to be 
read (A7-AO). Upon completion, 
any data on the Sl line will 
be ignored. 
The data (D7-DO) at the specified 
address 
is 
then shifted 
out onto the SO line. If only one byte is to be 
read, 
the 
CS line 
should 
be driven 
high 
after 
the data 
comes 
out. The READ sequence 
can be continued 
since 
the byte address 
is automatically 
incremented 
and data will 


continue 
to be shifted 
out. When 
the highest 
address 
is 
reached, 
the address 
counter 
will roll over to the lowest 


address 
allowing 
the entire memory 
to be read in one con- 
tinuous 
READ cycle. 
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WRITE 
SEQUENCE 
(WRITE): 
In order 
to program 
the 
AT25010/020/040, 
the Write Protect pin (WP) must be held 
high and two separate 
instructions 
must be executed. 
First, 
the device 
must be write 
enabled 
via the Write 
Enable 
(WREN) 
Instruction. 
Then a Write (WRITE) 
Instruction 
may 
be executed. 
Also, the address 
of the memory 
location(s) 
to be programmed 
must be outside 
the protected 
address 
field location 
selected 
by the Block Write Protection 
Level. 


During an internal write cycle, all commands 
will be ignored 
except the RDSR instruction. 


A Write 
Instruction 
requires 
the following 
sequence. 
After 
the CS line is pulled 
low to select 
the device, 
the WRITE 
op-code 
(including 
AB) is transmitted 
via the SI line fol- 
lowed by the byte address 
(A7-AO) and the data (07-00) 
to 
be programmed. 
Programming 
will start after the CS pin is 
brought 
high. 
(The LOW to High transition 
of the CS pin 
must 
occur 
during 
the SCK low time 
immediately 
after 
clocking 
in the DO (LSB) data bit. 


The READY/BUSY 
status of the device can be determined 
by initiating 
a READ STATUS 
REGISTER 
(RDSR) 
Instruc- 
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tion. If Bit 0 = 1, the WRITE cycle is still in progress. 
If Bit 0 
= 0, the WRITE 
cycle has ended. Only the READ STATUS 
REGISTER 
instruction 
is enabled 
during 
the WRITE 
pro- 
gramming 
cycle. 


The 
A T2501 0/020/040 
is capable 
of an B-byte 
PAG E 
WRITE 
operation. 
After each byte of data is received, 
the 
three low order address 
bits are internally 
incremented 
by 


one; the six high order bits of the address 
will remain con- 
stant. 
If more 
than 
B bytes 
of data 
are transmitted, 
the 
address 
counter 
will roll over and the previously 
written 
data will be overwritten. 
The AT25010/020/040 
is automati- 
cally returned to the write disable state at the completion 
of 
a WRITE cycle. 


NOTE: 
If the WP pin is brought 
low or if the device 
is not 
Write 
enabled 
(WREN), 
the device 
will ignore 
the Write 
instruction 
and will return to the standby 
state, when CS is 
brought 
high. A new CS falling 
edge is required 
to re-ini- 


tiate the serial communication. 


Timing Diagrams 


Synchronous Data Timing (for mode 0) 


51 
7/00ZZ7IIX 
__ 
WREN_OP-C_ODE_X//ZZZZOZZZ 


51 ?ZZZmzz//X 
WRDIOP-CODE x/Z7I/////1l 
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csl- 
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2 
3 
4 
5 
S 
Y 
S 
9 
10 11 12 13 14 


SCK 


Y 


MSB 


cs 
t-0---2--3-4--s--s--y--s--g 
-10--11--12-1-3-1-4-1-S~! 


SCK 


WRITE Timing 


cs 


HOLD Timing 


cs 


I IIh 
~~I 
~I_h - 
_ 
l--ItHo 


FlNl5 -----I~ 
tH_O H 


_____ 
I __ 
~z ===--l 


so 
>>--------e;.< 


------------- 
HIll 
------- 


SCK~ 
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twP (max) 
Icc(max) 
IS8(max) 
fMAX 


(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering Code 
Package 
Operation Range 


10 
6000 
100 
2000 
AT2501 0-1 OPC 
8P3 
Commercial 


AT2501 ON-1 OSC 
8S1 
(O°C to 70°C) 


100 
2000 
AT25010-10PI 
8P3 
Industrial 


AT25010N-10SI 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
1000 
AT2501 0-1 OPC-2.7 
8P3 
Commercial 


AT25010N-10SC-2.7 
8S1 
(O°C to 70°C) 


100 
1000 
AT25010-10PI-2.7 
8P3 
Industrial 


AT2501 ON-1 OSI-2.7 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
500 
AT2501 0-1 OPC-1.8 
8P3 
Commercial 


AT2501 ON-1 OSC-1.8 
8S1 
(O°C to 70°C) 


100 
500 
AT2501 0-1 OPI-1.8 
8P3 
Industrial 


AT2501 ON-1 OSI-1.8 
8S1 
(-40°C 
to 85°C) 


Package Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


twP (max) 
Icc (max) 
ISB (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
6000 
100 
2100 
AT25020-10PC 
8P3 
Commercial 


AT25020N-10SC 
8S1 
(O°C to 70°C) 


100 
2100 
AT25020-10PI 
8P3 
Industrial 


AT25020N-10SI 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
2100 
AT25020-1 
OPC-2. 7 
8P3 
Commercial 


AT25020N-1 
OSC-2.7 
8S1 
(O°C to 70°C) 


100 
2100 
AT25020-10PI-2.7 
8P3 
Industrial 


AT25020N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
500 
AT25020-10PC-1.8 
8P3 
Commercial 


AT25020N-10SC-1.8 
8S1 
(O°C to 70°C) 


100 
500 
AT25020-10PI-1.8 
8P3 
Industrial 


AT25020N-10S1-1.8 
8S1 
(-4O°C to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 
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twP (max) 
Icc (max) 
158(max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
6000 
100 
2100 
AT25040-10PC 
8P3 
Commercial 


AT25040N-10SC 
8S1 
(O°C to 70°C) 


100 
2100 
AT25040-10PI 
8P3 
Industrial 


AT25040N-10SI 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
2100 
AT25040-1 
OPC-2.7 
8P3 
Commercial 


AT25040N-10SC-2.7 
8S1 
(O°C to 70°C) 


100 
2100 
AT25040-10PI-2.7 
8P3 
Industrial 


AT25040N-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


10 
3000 
100 
500 
AT25040-1 
OPC-1 .8 
8P3 
Commercial 


AT25040N-10SC-1.8 
8S1 
(O°C to 70°C) 


100 
500 
AT25040-10PI-1.8 
8P3 
Industrial 


AT25040N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 5.5V) 


Features 


• Serial Peripheral Interface (SPI) Compatible 
• Supports SPI Modes 0 (0,0) and 3 (1,1) 
• Low Voltage and Standard Voltage Operation 


- 5.0 (Vcc = 4.5V to 5.5V) 
- 2.7 (Vcc = 2.7V to 5.5V) 
- 1.8 (Vcc = 1.8V to 3.6V) 
• 2.1 MHz Clock Rate 
• 32-Byte Page Mode 
• Block Write Protection 
- Protect 1/4, 112, or Entire Array 


• Write Protect (WP) Pin and Write Disable Instructions 
for 


Both Hardware and Software Data Protection 


• Self-Timed Write Cycle (5 ms Typical) 
• High Reliability 
- Endurance: 
1 Million Write Cycles 


- Data Retention: 100 Years 
- ESD Protection: 
>4000V 


• Automotive 
Grade and Extended Temperature Devices Available 
• 8-Pin PDIP, JEDEC SOIC, and 14-Pin and 20-Pin TSSOP Packages 


Description 


The AT25080/160/320/640 
provides 
8192/16384/32768/65536 
bits of serial 
electri- 
cally 
erasable 
programmable 
read 
only 
memory 
(EEPROM) 
organized 
as 


1024/2048/4096/8192 
words of 8 bits each. The device 
is optimized 
for use in many 


industrial 
and commercial 
applications 
where low power and low voltage operation 
are 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Data Clock 


SI 
Serial Data Input 


SO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


WP 
Write Protect 


HOLD 
Suspends Serial Input 


NC 
No Connect 


DC 
Don't Connect 


csOs 
vcc 
so 
2 
7 
HOLD 


WP36SCK 


GND45S1 
csOs 
vcc 
SO 
2 
7 
HOLD 


WP36SCK 
GND 
4 
5 
SI 
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SPI Serial 
EEPROMs 


8K (1024 x 8) 


16K (2048 x 8) 


32K (4096 x 8) 


64K (8192 x 8) 


AT25080 
AT25160 
AT25320 
AT25640 
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essential. 
The AT25080/160/320/640 
is available 
in space 
saving 
a-pin 
PDIP, JEDEC 
SOIC, 
and 14-pin 
and 20-pin 
TSSOP 
packages. 


The AT250aO/160/320/640 
is enabled 
through 
the Chip 
Select 
pin (CS) and accessed 
via a 3-wire 
interface 
con- 
sisting 
of Serial 
Data Input (SI), Serial 
Data Output 
(SO), 
and Serial 
Clock (SCK). 
All programming 
cycles 
are com- 
pletely 
self-timed, 
and 
no separate 
ERASE 
cycle 
is 
required before WRITE. 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 
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BLOCK WRITE 
protection 
is enabled 
by programming 
the 
status 
register 
with one of four blocks 
of write 
protection. 


Separate 
program 
enable and program 
disable instructions 
are provided 
for additional 
data protection. 
Hardware 
data 
protection 
is provided 
via the WP pin to protect 
against 


inadvertent 
write attempts 
to the status register. The HOLD 
pin may be used 
to suspend 
any serial 
communication 
without resetting 
the serial sequence. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise 
noted). 


Symbol 
Test 
Conditions 
Max 
Units 
Conditions 


COUT 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= OV 


CIN 
Input Capacitance(CS, 
SCK, SI, Wp, HOLD) 
6 
pF 
V1N= OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C, Vcc = +1.8V to +5.5V, 
TAC = O°C to +70°C, 
Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply 
Voltage 
1.8 
3.6 
V 


VCC2 
Supply 
Voltage 
2.7 
5.5 
V 


VCC3 
Supply 
Voltage 
4.5 
5.5 
V 


Icc, 
Supply 
Current 
Vcc = 5.0V at 1 MHz, SO = Open 
3.0 
mA 


Icc2 
Supply 
Current 
Vcc = 5.0V at 2 MHz, SO = Open 
5.0 
mA 


Is8, 
Standby 
Current 
Vcc = 1.8V, CS = Vcc 
0.1 
~A 


IS82 
Standby 
Current 
Vcc = 2.7V, CS = Vcc 
0.2 
O.S 
~A 


IS83 
Standby 
Current 
Vcc = 5.0V, CS = Vcc 
0.5 
2.0 
~A 


IlL 
Input Leakage 
VIN = OV to Vcc 
-3.0 
3.0 
~A 


IOL 
Output 
Leakage 
VIN= OV to Vcc, TAC= O°C to 70°C 
-3.0 
3.0 
~A 


V 
(') 
Input Low Voltage 
-0.6 
Vcc x 0.3 
V 
IL 


V 
(1) 
Input High Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 
IH 


VOLl 
Output 
Low Voltage 
IOL= 3.0 mA 
0.4 
V 


VOH, 
Output 
High Voltage 


4.5V S Vcc S 5.5V 
IOH= -1.6 mA 
Vcc - 0.8 
V 


VOL2 
Output 
Low Voltage 
IOL= 0.15 mA 
0.2 
V 


VOH2 
Output 
High Voltage 
1.8V S Vcc S 3.6V 
IOH= ·100~A 
Vcc - 0.2 
V 


AlmEL 


• 


AlmEL 


AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = As Specified, 


CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Min 
Max 
Units 


4.5 - 5.5 
0 
2.1 
fscK 
SCK Clock Frequency 
2.7 - 5.5 
0 
2.1 
MHz 


1.8 - 3.6 
0 
0.5 


4.5 - 5.5 
2 
tAl 
Input Rise Time 
2.7 - 5.5 
2 
IJs 


1.8 - 3.6 
2 


4.5 - 5.5 
2 
tFI 
Input Fall Time 
2.7 -5.5 
2 
IJs 
1.8 - 3.6 
2 


4.5 - 5.5 
200 
tWH 
SCK High Time 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
800 


4.5-5.5 
200 


tWL 
SCK Low Time 
2.7-5.5 
200 
ns 


1.8 - 3.6 
800 


4.5-5.5 
250 
les 
CS High Time 
2.7 - 5.5 
250 
ns 


- 
1.8 - 3.6 
1000 


4.5 - 5.5 
250 
tcss 
CS Setup Time 
2.7-5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5-5.5 
250 


IeSH 
CS Hold Time 
2.7 - 5.5 
250 
ns 


1.8 - 3.6 
1000 


4.5- 5.5 
50 


tsu 
Data In Setup Time 
2.7 - 5.5 
50 
ns 


1.8 - 3.6 
100 


4.5 - 5.5 
50 
tH 
Data In Hold Time 
2.7-5.5 
50 
ns 


1.8 - 3.6 
100 


4.5 -5.5 
100 


tHO 
Hold Setup Time 
2.7 - 5.5 
100 
1.8 - 3.6 
400 


4.5 - 5.5 
200 
leD 
Hold Hold Time 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
0 
200 
tv 
Output Valid 
2.7 - 5.5 
0 
200 
ns 
1.8 - 3.6 
0 
800 


4.5-5.5 
0 


tHO 
Output Hold Time 
2.7-5.5 
0 
ns 


1.8 - 3.6 
0 


AC Characteristics 
(Continued) 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = As Specified, 


CL = 1 TIL 
Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Min 
Max 
Units 


4.5 - 5.5 
0 
100 
tLZ 
Hold to Output Low Z 
2.7 - 5.5 
0 
100 
ns 
1.8-3.6 
0 
100 


4.5 - 5.5 
100 
tHZ 
Hold to Output High Z 
2.7 - 5.5 
100 
ns 
1.8 - 3.6 
100 


4.5-5.5 
250 


tOIS 
Output Disable Time 
2.7-5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
5 


twc 
Write Cycle Time 
2.7 - 5.5 
10 
ms 
1.8 - 3.6 
20 


Endurance(1) 
5.0V, 25°C, Page Mode 
1M 
Write Cycles 
• 


Serial Interface 
Description 


MASTER: 
The device that generates 
the serial clock. 


SLAVE: 
Because 
the Serial Clock pin (SCK) is always 
an 


input, 
the AT25080/160/320/640 
always 
operates 
as a 


slave. 


TRANSMITTER/RECEIVER: 
The AT25080/160/320/640 


has separate 
pins designated 
for data transmission 
(SO) 
and reception 
(SI). 


MSB: The Most Significant 
Bit (MSB) 
is the first bit trans- 


mitted and received. 


SERIAL 
OP-CODE: 
After 
the device 
is selected 
with CS 


going low, the first byte will be received. This byte contains 
the op-code 
that defines the operations 
to be performed. 


INVALID 
OP-CODE: 
If an invalid 
op-code 
is received, 
no 


data will be shifted 
into the AT25080/160/320/640, 
and the 


serial output pin (SO) will remain in a high impedance 
state 


until the falling edge of CS is detected 
again. This will rein i- 
tialize the serial communication. 


CHIP 
SELECT: 
The AT25080/160/320/640 
is selected 


when the CS pin is low. When the device 
is not selected, 
data will not be accepted 
via the SI pin, and the serial out- 
put pin (SO) will remain in a high impedance 
state. 


HOLD: 
The HOLD 
pin is used in conjunction 
with the CS 


pin to select the AT25080/160/320/640. 
When the device is 


selected 
and a serial sequence 
is underway, 
HOLD can be 


used to pause 
the serial 
communication 
with the master 
device without 
resetting 
the serial sequence. 
To pause, the 
HOLD pin must be brought low while the SCK pin is low. To 
resume 
serial 
communication, 
the HOLD 
pin is brought 


high while the SCK pin is low (SCK may still toggle 
during 


HOLD). Inputs to the SI pin will be ignored while the SO pin 
is in the high impedance 
state. 


WRITE 
PROTECT: 
The write 
protect 
pin (WP) will allow 


normal 
read/write 
operations 
when 
held high. When 
the 
WP pin is brought 
low and WPEN 
bit is "1", all write opera- 
tions 
to the status 
register 
are inhibited. 
WP going 
low 


while CS is still low will interrupt 
a write to the status regis- 
ter. If the internal write cycle has already been initiated, 
WP 


going low will have no effect on any write operation 
to the 


status 
register. 
The WP pin function 
is blocked 
when the 
WPEN 
bit in the status 
register 
is "0". This will allow 
the 


user to install 
the AT25080/160/320/640 
in a system 
with 


the WP pin tied to ground 
and still be able to write to the 


status register. 
All WP pin functions 
are enabled 
when the 


WPEN 
bit is set to "1". 
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DATA OUT (MOSI) 
Sl 


DATA IN (MISO) 
so 


SERIAL 
CLOCK 
(SPI CK) 
SCK 


SSO 
CS 


SS1 f------ 
~ 
SI 


SS2 r-- 
0- f--- so 


SS3 
>-f-- r-- 
SCK 


CS 


~ 
SI 


0- f--- so 


>-f-- r-- 
SCK 


CS 


'-+ 
SI 


'----- 
so 
-- 


SCK 
- 
CS 


Functional 
Description 


The AT25080/160/320/640 
is designed 
to interface 
directly 


with the synchronous 
serial peripheral 
interface 
(SPI) of the 


6805 and 68HC11 
series of microcontrollers. 


The AT25080/160/320/640 
utilizes an 8 bit instruction 
reg- 


ister. The list of instructions 
and their operation 
codes are 


contained 
in Table 
1. All instructions, 
addresses, 
and data 


are transferred 
with the MSB first and start with a high-to- 


low CS transition. 


Instruction 
Instruction 
Name 
Format 
Operation 


WREN 
0000X110 
Set Write Enable Latch 


WRDI 
0000 X100 
Reset Write Enable Latch 


RDSR 
0000 X101 
Read Status Register 


WRSR 
0000 X001 
Write Status Register 


READ 
0000 X011 
Read Data from Memory Array 


WRITE 
0000 X010 
Write Data to Memory Array 


WRITE 
ENABLE 
(WREN): 
The device will power up in the 


write 
disable 
state when Vcc is applied. 
All programming 


instructions 
must therefore 
be preceded 
by a Write Enable 


instruction. 


WRITE 
DISABLE 
(WRDI): 
To protect 
the device 
against 


inadvertent 
writes, the Write Disable instruction 
disables 
all 


programming 
modes. The WRDI instruction 
is independent 


of the status of the WP pin. 


READ 
STATUS 
REGISTER 
(RDSR): 
The 
Read 
Status 


Register 
instruction 
provides 
access to the status register. 


The READY/BUSY 
and Write 
Enable 
status of the device 


can be determined 
by the RDSR instruction. 
Similarly, 
the 


Block Write Protection 
bits indicate 
the extent of protection 


employed. 
These 
bits are set by using the WRSR 
instruc- 
tion. 
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Bit 
Definition 


Bit 0 (RDY) 
Bit 0 = 0 (RDY) indicates the device is READY. Bit 
o = 1 indicates the write cycle is in progress. 


Bit 1= 0 indicates the device is not WRITE 


Bit 1 (WEN) 
ENABLED. Bit 1 = 1 indicates the device is WRITE 
ENABLED. 


Bit2 (BPO) 
See Table 3. 


Bit 3 (BP1) 
See Table 3. 


Bits 4-6 are Os when device is not in an internal write cycle. 


Bit7 (WPEN) 
See Table 4. 


Bits 0-7 are 1s during an internal write cycle. 


WRITE 
STATUS 
REGISTER 
(WRSR): 
The WRSR 
instruc- 


tion allows 
the user to select 
one of four levels 
of protec- 


tion. The AT25080/160/320/640 
is divided 
into four array 


segments. 
One quarter 
(1/4), 
one half (1/2), 
or all of the 


memory 
segments 
can be protected. 
Any of the data within 


any selected 
segment 
will therefore 
be READ 
only. The 


block write protection 
levels and corresponding 
status reg- 


ister control bits are shown in Table 4. 


The three bits, BPO, BP1, and WPEN 
are nonvolatile 
cells 


that have the same properties 
and functions 
as the regular 


memory 
cells (e.g. WREN, twc, RDSR). 


Table 4. 
Block Write Protect Bits 


Status 
Register 
Bits 
Array Addresses 
Protected 


Level 
BP1 
BPO 
AT25080 
AT25160 
AT25320 
AT25640 


0 
0 
0 
None 
None 
None 
None 


1(1/4) 
0 
1 
0300 
0600 
OCOO 
1800 


-03FF 
-07FF 
-OFFF 
-1FFF 


2(112) 
1 
0 
0200 
0400 
0800 
1000 


-03FF 
-07FF 
-OFFF 
-1FFF 


3(AII} 
1 
1 
0000 
0000 
0000 
0000 


-03FF 
-07FF 
-OFFF 
-1FFF 


The WRSR 
instruction 
also allows 
the user to enable 
or 


disable 
the write 
protect 
(WP) pin through 
the use of the 


Write 
Protect 
Enable 
(WPEN) 
bit. Hardware 
write 
protec- 


tion is enabled when the WP pin is low and the WPEN 
bit is 


"1". Hardware 
write protection 
is disabled 
when either the 


WP pin is high or the WPEN 
bit is "0". When the device 
is 


hardware 
write 
protected, 
writes 
to the Status 
Register, 
including 
the Block Protect bits and the WPEN 
bit, and the 


block-protected 
sections 
in the memory 
array are disabled. 


• 


Writes 
are only allowed 
to sections 
of the memory 
which 
are not block-protected. 


NOTE: When the WPEN 
bit is hardware 
write protected, 
it 
cannot 
be changed 
back to "0", as long as the WP pin is 
held low. 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEN 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
Low 
0 
Protected 
Protected 
Protected 


1 
Low 
1 
Protected 
Writable 
Protected 


X 
High 
0 
Protected 
Protected 
Protected 


X 
High 
1 
Protected 
Writable 
Writable 


READ 
SEQUENCE 
(READ): 
Reading 
the 
AT25080/160/320/640 
via the 
SO (Serial 
Output) 
pin 
requires 
the following 
sequence. 
After the CS line is pulled 
low to select a device, the READ op-code 
is transmitted 
via 
the Siline 
followed 
by the byte address to be read (A 15-AO, 
Refer to Table 6). Upon completion, 
any data on the SI line 
will be ignored. 
The data (07-00) 
at the specified 
address 
is then shifted out onto the SO line. If only one byte is to be 
read, 
the 
CS line 
should 
be driven 
high 
after 
the 
data 
comes 
out. The READ sequence 
can be continued 
since 
the byte address 
is automatically 
incremented 
and data will 
continue 
to be shifted 
out. When 
the highest 
address 
is 
reached, 
the address 
counter 
will roll over to the lowest 
address 
allowing 
the entire memory 
to be read in one con- 
tinuous 
READ cycle. 


WRITE 
SEQUENCE 
(WRITE): 
In order 
to program 
the 
AT25080/160/320/640, 
two separate 
instructions 
must be 
executed. 
First, the device 
must 
be write 
enabled 
via the 
Write 
Enable 
(WREN) 
Instruction. 
Then a Write 
(WRITE) 
Instruction 
may 
be executed. 
Also, 
the address 
of the 
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memory 
location(s) 
to be programmed 
must be outside the 
protected 
address field location selected 
by the Block Write 
Protection 
Level. 
During 
an internal 
write 
cycle, 
all com- 
mands will be ignored except the RDSR instruction. 


A Write 
Instruction 
requires 
the following 
sequence. 
After 
the CS line is pulled 
low to select 
the device, 
the WRITE 
op-code 
is transmitted 
via the SI line followed 
by the byte 
address 
(A15-AO) and the data (D7-DO) to be programmed 
(Refer to Table 6). Programming 
will start after the CS pin 
is brought 
high. (The LOW to High transition 
of the CS pin 
must 
occur 
during 
the SCK 
low time 
immediately 
after 
clocking 
in the DO (LSB) data bit. 


The READY/BUSY 
status of the device can be determined 
by initiating 
a READ STATUS 
REGISTER 
(RDSR) 
Instruc- 
tion. If Bit 0 = 1, the WRITE cycle is still in progress. 
If Bit 0 
= 0, the WRITE 
cycle has ended. Only the READ STATUS 
REGISTER 
instruction 
is enabled 
during 
the WRITE 
pro- 


gramming 
cycle. 


The AT25080/160/320/640 
is capable 
of a 32-byte 
PAG E 
WRITE 
operation. 
After each byte of data is received, 
the 
five low order 
address 
bits are internally 
incremented 
by 
one; the high order bits of the address will remain constant. 
If more than 32-bytes 
of data are transmitted, 
the address 
counter 
will roll over and the previously 
written data will be 
overwritten. 
The AT25080/160/320/640 
is automatically 
returned 
to the write 
disable 
state at the completion 
of a 
WRITE cycle. 


NOTE: 
If the device 
is not Write 
enabled 
(WREN), 
the 
device will ignore the Write instruction 
and will return to the 
standby 
state, when CS is brought 
high. A new CS falling 
edge is required to re-initiate 
the serial communication. 


Address 
AT25080 
AT25160 
AT25320 
AT25640 


AN 
Ag- 
Ao 
A,o-Ao 
A,,-Ao 
A,2 - A" 


Don't 
A15• 
A,o 
A15• 
All 
A1S• A12 
A,s - A'3 
Care Bits 


Timing Diagrams 


Synchronous 
Data Timing 
(for Mode 0) 


51 /////OO//!X 
__ 
W_REN_OP-C_ODE_X10///O//l 


51 /O////////!X~_W_RDJ 
O_P-CO_DE 
~Xl/O////7Il 
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HOLD Timing 


cs 


I I1 


teo 


1.---.1 tHO 
~--I 
tHOH 


I. 
tHZ 
'I 
-----~>>--------«---- 
HtLZ 


_1l_I- 


lcO 


----- 
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twe (max) 
lee (max) 
ISB (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
2.0 
2100 
AT25080-10PC 
8P3 
Commercial 


AT25080N-10SC 
8S1 
(O°C to 70°C) 


AT25080T1 
-1 OTC 
14T 


AT25080T2-10TC 
20T 


10 
3000 
0.5 
2100 
AT25080-1 
OPC-2. 7 
8P3 
Commercial 


AT25080N-1 
OSC-2. 7 
8S1 
(O°C to 70°C) 


AT25080T1-1 
OTC-2. 7 
14T 


AT25080T2-1 
OTC-2. 7 
20T 


20 
3000 
0.2 
500 
AT25080-1 
OPC-1 .8 
8P3 
Commercial 


AT25080N-10SC-1.8 
8S1 
(O°C to 70°C) 


AT25080T1-10TC-1.8 
14T 


AT25080T2-10TC-1.8 
20T 


5 
5000 
2.0 
2100 
AT25080-10PI 
8P3 
Industrial 


AT25080N-10SI 
8S1 
(-40°C 
to 85°C) 


AT25080T1-10TI 
14T 


AT25080T2-10TI 
20T 


10 
3000 
0.5 
2100 
AT25080-1 
OPI-2.7 
8P3 
Industrial 


AT25080N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT25080T1-10TI-2.7 
14T 


AT25080T2-10TI-2.7 
20T 


20 
3000 
0.2 
500 
AT25080-10PI-1.8 
8P3 
Industrial 


AT25080N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT25080T1-10TI-1.8 
14T 


AT25080T2-10TI-1.8 
20T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


20T 
20-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


twe (max) 
lee (max) 
ISB (max) 
'MAX 
(ms) 
(IIA) 
(IIA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
2.0 
2100 
AT25160-10PC 
8P3 
Commercial 


AT25160N-10SC 
8S1 
(O°C to 70°C) 


AT25160T1-10TC 
14T 


AT25160T2-10TC 
20T 


10 
3000 
0.5 
2100 
AT25160-1 
OPC-2. 7 
8P3 
Commercial 


AT25160N-10SC-2.7 
8S1 
(O°C to 70°C) 


AT25160T1-1 
OTC-2. 7 
14T 


AT25160T2-10TC-2.7 
20T 


20 
3000 
0.2 
500 
AT25160-10PC-1.8 
8P3 
Commercial 


AT25160N-1 
OSC-1 .8 
8S1 
(O°C to 70°C) 


AT25160T1-10TC-1.8 
14T 


AT25160T2-10TC-1.8 
20T 


5 
5000 
2.0 
2100 
AT25160-10PI 
8P3 
Industrial 


AT25160N-10SI 
8S1 
(-40°C 
to 85°C) 


AT25160T1-10TI 
14T 


AT25160T2-10TI 
20T 


10 
3000 
0.5 
2100 
AT25160-10PI-2.7 
8P3 
Industrial 


AT25160N-10SI-2.7 
8S1 
(-40°C 
to 85°C) 


AT25160T1-10TI-2.7 
14T 


AT25160T2-10TI-2.7 
20T 


20 
3000 
0.2 
500 
AT25160-10PI-1.8 
8P3 
Industrial 


AT25160N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT25160T1-10TI-1.8 
14T 


AT25160T2-10TI-1.8 
20T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


8S1 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


20T 
20-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 3.6V) 
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twc (max) 
Ice (max) 
IS8 (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
2.0 
2100 
AT25320-10PC 
8P3 
Commercial 


AT25320N-10SC 
8S1 
(O°C to 70°C) 


AT25320T1-10TC 
14T 


AT25320T2-10TC 
20T 


10 
3000 
0.5 
2100 
AT25320-10PC-2.7 
8P3 
Commercial 


AT25320N-1 
OSC-2. 7 
8S1 
(O°C to 70°C) 


AT25320T1-1 
OTC-2.7 
14T 


AT25320T2-10TC-2.7 
20T 


20 
3000 
0.2 
500 
AT25320-1 
OPC-1 .8 
8P3 
Commercial 


AT25320N-10SC-1.8 
8S1 
(O°C to 70°C) 


AT25320T1-10TC-1.8 
14T 


AT25320T2-10TC-1.8 
20T 


5 
5000 
2.0 
2100 
AT25320-10PI 
8P3 
Industrial 


AT25320N-10SI 
8S1 
(-40°C 
to 85°C) 


AT25320T1-10TI 
14T 


AT25320T2-10TI 
20T 


10 
3000 
0.5 
2100 
AT25320-10PI-2.7 
8P3 
Industrial 


AT25320N-10SI-2.7 
8S 
(-40°C 
to 85°C) 


AT25320T1-1 
OTI-2. 7 
14T 


AT25320T2-1 
OTI-2. 7 
20T 


20 
3000 
0.2 
500 
AT25320-10PI-1.8 
8P3 
Industrial 


AT25320N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT25320T1-10TI-1.8 
14T 


AT25320T2-10TI-1.8 
20T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


851 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


20T 
20-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 3.6V) 
, 


twc (max) 
Icc (max) 
'SB (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
2.0 
2100 
AT25640-10PC 
8P3 
Commercial 


AT25640N-10SC 
8S1 
(O°C to 70°C) 


AT25640T1-10TC 
14T 


AT25640T2-10TC 
20T 


10 
3000 
0.5 
2100 
AT25640-1 
OPC-2.7 
8P3 
Commercial 


AT25640N-1 
OSC-2.7 
8S1 
(O°C to 70°C) 


AT25640T1-1 
OTC-2. 7 
14T 


AT25640T2-1 
OTC-2. 7 
20T 


20 
3000 
0.2 
500 
AT25640-10PC-1.8 
8P3 
Commercial 


AT25640N-10SC-1.8 
8S1 
(O°C to 70°C) 


AT25640T1-10TC-1.8 
14T 


AT25640T2-10TC-1.8 
20T 


5 
5000 
2.0 
2100 
AT25640-10PI 
8P3 
Industrial 


AT25640N-10SI 
8S1 
(-40°C 
to 85°C) 


AT25640T1-10TI 
14T 


AT25640T2-10TI 
20T 


10 
3000 
0.5 
2100 
AT25640-10PI-2.7 
8P3 
Industrial 


AT25640N-1 
OSI-2. 7 
8S1 
(-40°C 
to 85°C) 


AT25640T1-1 
OTI-2. 7 
14T 


AT25640T2-1 
OTI-2. 7 
20T 


20 
3000 
0.2 
500 
AT25640-10PI-1.8 
8P3 
Industrial 


AT25640N-10SI-1.8 
8S1 
(-40°C 
to 85°C) 


AT25640T1-10TI-1.8 
14T 


AT25640T2-10TI-1.8 
20T 


Package 
Type 


8P3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


8S1 
8-Lead, 
0.150" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(JEDEC 
SOIC) 


14T 
14-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


20T 
20-Lead, 
0.170" 
Wide, 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 3.6V) 
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Features 


• 
Serial 
Peripheral 
Interface 
(SPI) Compatible 


• 
Supports 
SPI Modes 
0 (0,0) and 3 (1,1) 


• 
Low Voltage 
and Standard 
Voltage 
Operation 


- 
5.0 (Vcc = 4.5V to 5.5V) 


- 
2.7 (Vcc = 2.7V to 5.5V) 


- 
1.a (Vcc = 1.av to 3.6V) 


• 
3 MHz Clock 
Rate 
• 
64-Byte 
Page Mode and Byte Write 
Operation 


• 
Block 
Write 
Protection 
- 
Protect 
1/4, 1/2, or Entire 
Array 


• 
Write 
Protect 
(WP) Pin and Write 
Disable 
Instructions 
for 


Both 
Hardware 
and Software 
Data Protection 


• 
Self-Timed 
Write 
Cycle 
(5 ms typical) 


• 
High Reliability 
- 
Endurance: 
100,000 Write 
Cycles 


- 
Data Retention: 
>200 Years 


- 
ESD Protection: 
>4000V 


• 
Automotive 
Grade and Extended 
Temperature 
Devices 
Available 


• 
a·Pin PDIP, a-Pin EIAJ SOIC, a-Pin and 16-Pin JEDEC 
SOIC, 14-Pin 
and 20-Pin TSSOP, 
and a-Pin 
Leadless 
Array 
Packages 


Description 


The AT25128/256 
provides 
131,072/262,144 
bits of serial electrically 
erasable 
pro- 
grammable 
read only memory 
(EEPROM) 
organized 
as 16,384/32,768 
words of 8 bits 


each. The device is optimized 
for use in many industrial 
and commercial 
applications 


where low power and low voltage 
operation 
are essential. 
The devices are available 
in 


Pin Configurations 
(continued) 


14-Lead TSSOP 
Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Data Clock 


SI 
Serial Data Input 


SO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


WP 
Write Protect 


HOLD 
Suspends Serial Input 


NC 
No Connect 


DC 
Don't Connect 


cs[]s 
VCC 
SO 
2 
7 
HOLD 
wp 
3 
6 
SCK 


GND 
4 
5 
51 
csDs 
vcc 
SO 
2 
7 
HOLD 


wp 
3 
6 
SCK 


GND 
4 
5 
51 
vccDcs 


HOLD 
~ 


SCK 
WP 


Sl 
GND 
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SPI Serial 
EEPROMs 


128K (16,384 x 8) 


256K (32,768 x 8) 


AT25128 
AT25256 


space saving 
8-pin PDIP (AT25128/256), 
8-pin EIAJ SOIC 
(AT25128/256), 
8-pin and 16-pin JEDEC 
SOIC (AT25128), 
14-pin TSSOP 
(AT25128), 
20-pin TSSOP 
(AT25128/256), 
and 8-pin 
Leadless 
Array 
(AT25128/256) 
packages. 
In 
addition, 
the entire 
family 
is available 
in 5.0V 
(4.5V 
to 
5.5V), 
2.7V 
(2.7V 
to 5.5V) 
and 
1.8V (1.8V 
to 3.6V) 
ver- 
sions. 


The AT25128/256 
is enabled 
through 
the Chip Select 
pin 
(CS) 
and accessed 
via a 3-wire 
interface 
consisting 
of 
Serial Data Input (SI), Serial Data Output 
(SO), and Serial 
Clock (SCK). 
All programming 
cycles 
are completely 
self- 
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timed, 
and no separate 
ERASE 
cycle 
is required 
before 
WRITE. 


BLOCK 
WRITE 
protection 
is enabled 
by programming 
the 
status register with top 14,top % or entire array of write pro- 
tection. 
Separate 
program 
enable 
and program 
disable 
instructions 
are provided 
for additional 
data 
protection. 


Hardware 
data protection 
is provided via the WP pin to pro- 
tect against 
inadvertent 
write attempts 
to the status 
regis- 
ter. The 
HOLD 
pin may be used 
to suspend 
any serial 
communication 
without resetting 
the serial sequence. 


Absolute 
Maximum 
Ratings* 


Operating Temperature 
-55°C to +125°C 
"NOTICE: 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


Stresses beyond those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions beyond those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Pin Capacitance 


Applicable 
over 
recommended 
operating 
range 
from TA = 25°e, 
f = 1.0 
MHz, 
V cc = +5.0V 
(unless 
otherwise 
noted). 


Symbol 
Test 
Conditions 
Max 
Units 
Conditions 


COUT 
Output 
Capacitance 
(SO) 
8 
pF 
VOUT= OV 


C,N 
Input Capacitance 
(CS, SCK, 51, Wp, HOLD) 
6 
pF 
V,N= 
OV • 
DC Characteristics 


Applicable 
over 
recommended 
operating 
range 
from 
TAl = -40oe 
to +85°e, 
V cc = + 1.8V 
to +5.5V, 


TAC = ooe 
to +70oe, 
Vcc = +1.8V 
to +5.5V(unless 
otherwise 
noted). 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply 
Voltage 
1.8 
3.6 
V 


VCC2 
Supply 
Voltage 
2.7 
5.5 
V 


VCC3 
Supply 
Voltage 
4.5 
5.5 
V 


ICC1 
Supply 
Current 
Vcc = 5.0V at 1 MHz, SO = Open, 
Read 
2.0 
3.0 
mA 


Icc2 
Supply 
Current 
Vcc = 5.0V at 2 MHz, 
3.0 
5.0 
mA 
SO = Open, 
Read, 
Write 


ISB1 
Standby 
Current 
Vcc = 1.8V, CS = Vcc 
0.1 
2.0 
~A 


ISB2 
Standby 
Current 
Vcc = 2.7V, CS = Vcc 
0.2 
2.0 
~A 


ISB3 
Standby 
Current 
Vcc = 5.0V, CS = Vcc 
2.0 
5.0 
~A 


I'L 
Input Leakage 
V,N = OV to Vcc 
-3.0 
3.0 
~A 


10L 
Output 
Leakage 
V,N = OV to Vcc, TAC= O°C to 70°C 
-3.0 
3.0 
~A 


V 
(1) 
Input Low Voltage 
-1.0 
Vcc x 0.3 
V 
IL 


VIH(l) 
Input High Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VOL1 
Output 
Low Voltage 
10L= 3.0 mA 
0.4 
V 


Output 
High Voltage 
4.5 S Vcc S 5.5V 


IOH= -1.6 mA 
Vcc - 0.8 
V 
VOH1 


VOL2 
Output 
Low Voltage 
10L= 0.15mA 
0.2 
V 


Output 
High Voltage 
1.8V S Vcc S 3.6V 


10H= -100~A 
Vcc - 0.2 
V 
VOH2 
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Applicable 
over recommended 
operating 
range from TA = -40°C to + 85°C, Vcc = As Specified, 


CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Min 
Max 
Units 


4.5 - 5.5 
0 
3.0 


fSCK 
SCK Clock Frequency 
2.7 - 5.5 
0 
2.1 
MHz 
1.8 - 3.6 
0 
0.5 


4.5 - 5.5 
2 


tAl 
Input Rise Time 
2.7 - 5.5 
2 
J.Js 


1.8 - 3.6 
2 


4.5-5.5 
2 
tFI 
Input Fall Time 
2.7-5.5 
2 
J.Js 
1.8 - 3.6 
2 


4.5-5.5 
150 


tWH 
SCK High Time 
2.7-5.5 
200 
ns 


1.8 - 3.6 
800 


4.5-5.5 
150 


tWL 
SCK Low Time 
2.7-5.5 
200 
ns 


1.8-3.6 
800 


4.5-5.5 
250 


les 
CS High Time 
2.7-5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5-5.5 
100 
tcss 
CS Setup Time 
2.7-5.5 
250 
ns 


1.8 - 3.6 
1000 


4.5-5.5 
150 


tCSH 
CS Hold Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
30 


tsu 
Data In Setup Time 
2.7 - 5.5 
50 
ns 
1.8 - 3.6 
100 


4.5 - 5.5 
50 


tH 
Data In Hold Time 
2.7 - 5.5 
50 
ns 
1.8 - 3.6 
100 


4.5 - 5.5 
100 
tHO 
Hold Setup Time 
2.7- 5.5 
100 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
200 


leD 
Hold Hold Time 
2.7 - 5.5 
300 
ns 
1.8 - 3.6 
400 


4.5- 5.5 
0 
150 
tv 
Output Valid 
2.7-5.5 
0 
200 
ns 
1.8 - 3.6 
0 
800 


4.5 - 5.5 
0 


tHO 
Output Hold Time 
2.7 - 5.5 
0 
ns 


1.8 - 3.6 
0 


AC Characteristics 
(Continued) 


Applicable 
over recommended 
operating 
range from TA = -40°C to + 85°C, Vcc = As Specified, 
CL = 1 TIL 
Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Mln 
Max 
Units 


4.5 - 5.5 
0 
100 


tLZ 
Hold to Output Low Z 
2.7 - 5.5 
0 
200 
ns 


1.8 - 3.6 
0 
300 


4.5 - 5.5 
100 
tHZ 
Hold to Output High Z 
2.7-5.5 
200 
ns 


1.8 - 3.6 
300 


4.5 - 5.5 
200 


toIS 
Output Disable Time 
2.7 - 5.5 
250 
ns 


1.8 - 3.6 
1000 


4.5 - 5.5 
5 
twc 
Write Cycle Time 
2.7·5.5 
10 
ms 


1.8 - 3.6 
10 


Endurance(1) 
5.0V. 25°C, Page Mode 
100K 
Write Cycles 
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Serial Interface 
Description 


MASTER: 
The device that generates 
the serial clock. 


SLAVE: 
Because 
the Serial Clock pin (SCK) is always an 
input, the AT25128/256 
always operates 
as a slave. 


TRANSMITTER/RECEIVER: 
The 
AT25128/256 
has 
separate 
pins designated 
for data transmission 
(SO) and 
reception 
(SI). 


MSB: 
The 
Most 
Significant 
Bit (MSB) 
is the 
first 
bit 
transmitted 
and received. 


SERIAL 
OP-CODE: 
After the device 
is selected 
with CS 
going low, the first byte will be received. 
This byte contains 
the op-code 
that defines the operations 
to be performed. 


INVALID 
OP-CODE: 
If an invalid op-code 
is received, 
no 
data will be shifted 
into the AT25128/256, 
and the serial 
output 
pin (SO) will remain in a high impedance 
state until 
the falling edge of CS is detected 
again. This will reinitialize 
the serial communication. 


CHIP SELECT: 
The AT25128/256 
is selected 
when the CS 
pin is low. When the device is not selected, 
data will not be 
accepted 
via the SI pin, and the serial output 
pin (SO) will 
remain in a high impedance 
state. 


HOLD: 
The HOLD 
pin is used in conjunction 
with the CS 
pin to select the AT25128/256. 
When the device is selected 
and a serial sequence 
is underway, 
HOLD can be used to 
pause 
the serial 
communication 
with the master 
device 
without 
resetting 
the serial sequence. 
To pause, the HOLD 
pin must 
be brought 
low while 
the 
SCK 
pin is low. 
To 
resume 
serial 
communication, 
the HOLD 
pin is brought 
high while the SCK pin is low (SCK may still toggle 
during 
HOLD). Inputs to the SI pin will be ignored while the SO pin 
is in the high impedance 
state. 


WRITE 
PROTECT: 
The write 
protect 
pin (WP) will allow 
normal 
read/write 
operations 
when 
held high. 
When 
the 
WP pin is brought low and WPEN 
bit is "1", all write opera- 
tions 
to the status 
register 
are inhibited. 
WP going 
low 
while CS is still low will interrupt 
a write to the status regis- 
ter. If the internal write cycle has already been initiated, 
WP 
going low will have no effect on any write operation 
to the 
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status 
register. 
The WP pin function 
is blocked 
when the 
WPEN 
bit in the status 
register 
is "0". This will allow 
the 
user to install the AT25128/256 
in a system with the WP pin 
tied to ground 
and still be able to write to the status 
regis- 
ter. All WP pin functions 
are enabled when the WPEN bit is 
set to "1". 


DATA OUT (MOSI) 
~ 
SI 


DATA IN (MISO) 
SO 


SERIAL 
CLOCK 
(SPI CK) 
I 
SCK 


I 
- 
sso 
CS 


SS1 - 
~ 
SI 
SS2 - 
.--f-- 
SO 
SS3 
~ 
SCK 


~ 
CS 


I 
.-. 
SI 


~ 
SO 


SCK 


I 


CS 


4 
SI 


~ 
SO 


SCK 
- 
CS 


Functional 
Description 


The AT25128/256 
is designed 
to interface 
directly with the 


synchronous 
serial 
peripheral 
interface 
(SPI) of the 6800 


type series of microcontrollers. 


The AT25128/256 
utilizes 
an 8-bit instruction 
register. 
The 


list of instructions 
and their operation 
codes are contained 


in Table 
1. All instructions, 
addresses, 
and data are trans- 
ferred 
with the MSB first and start with a high-to-Iow 
CS 


transition .. 


Table 1. Instruction 
Set for the AT25128/256 


Instruction 
Instruction 


Name 
Format 
Operation 


WREN 
0000 Xll0 
Set Write Enable Latch 


WRDI 
0000 Xl00 
Reset Write Enable Latch 


RDSR 
0000 X101 
Read Status Register 


WRSR 
0000 X001 
Write Status Register 


READ 
0000 X011 
Read Data from Memory Array 


WRITE 
0000 X010 
Write Data to Memory Array 


WRITE 
ENABLE 
(WREN): 
The device will power up in the 


write disable 
state when V cc is applied. 
All programming 


instructions 
must therefore 
be preceded 
by a Write Enable 


instruction. 


WRITE 
DISABLE 
(WRDI): 
To protect 
the device 
against 


inadvertent 
writes, the Write Disable instruction 
disables 
all 


programming 
modes. The WRDI instruction 
is independent 


of the status of the WP pin. 


READ 
STATUS 
REGISTER 
(RDSR): 
The 
Read 
Status 


Register 
instruction 
provides 
access to the status register. 


The READY/BUSY 
and Write 
Enable status of the device 


can be determined 
by the RDSR instruction. 
Similarly, 
the 


Block Write Protection 
bits indicate 
the extent of protection 


employed. These bits are set by using the WRSR instruction. 


Table 2. 
Status Register 
Format 


Bit 
Definition 


Bit 0 (RDY) 
Bit 0 = 0 (RDY) indicates the device is READY. 
B~ 0 = 1 indicates the write cycle is in progress. 


Bit 1 (WEN) 
Bit 1 = 0 indicates the device is not WRITE ENABLED. 
Bit 1 = 1 indicates the device is WRITE ENABLED. 


Bit 2 (BPO) 
See Table 4. 


Bit 3 (BP1) 
See Table 4. 


Bits 4·6 are Os when device is not in an internal write cycle. 


Bit7(WPEN) 
See Table 5. 


Bits 0-7 are 1s during an internal write cycle. 
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WRITE STATUS 
REGISTER 
(WRSR): 
The WRSR instruc- 


tion allows the user to select 
one of four levels 
of protec- 


tion. The AT25128/256 
is divided 
into four array segments. 


Top quarter 
(1/4), top half (1/2), or all of the memory 
seg- 


ments 
can 
be protected. 
Any 
of the 
data 
within 
any 


selected 
segment 
will therefore 
be READ only. The block 


write 
protection 
levels 
and corresponding 
status 
register 


control bits are shown in Table 4. 


The three bits, BPO, BP1, and WPEN 
are nonvolatile 
cells 


that have the same properties 
and functions 
as the regular 


memory 
cells (e.g. WREN, twc, RDSR). 


Table 4. 
Block Write Protect Bits 


Status Register Bits 
Array Addresses 
Protected 


Level 
BP1 
BPa 
AT25128 
AT25256 


0 
0 
0 
None 
None 


1(1/4) 
0 
1 
3000·3FFF 
6000·7FFF 


2(1/2) 
1 
0 
2000 - 3FFF 
4000 - 7FFF 


3(AII) 
1 
1 
0000 - 3FFF 
0000 - 7FFF 


The WRSR 
instruction 
also allows 
the user to enable 
or 


disable 
the write 
protect 
(WP) pin through 
the use of the 


Write 
Protect 
Enable 
(WPEN) 
bit. Hardware 
write protec- 


tion is enabled when the WP pin is low and the WPEN bit is 
"1". Hardware 
write protection 
is disabled 
when 
either the 


WP pin is high or the WPEN 
bit is "0." When the device 
is 


hardware 
write 
protected, 
writes 
to the Status 
Register, 


including 
the Block Protect bits and the WPEN 
bit, and the 


block-protected 
sections 
in the memory 
array are disabled. 


Writes 
are only allowed 
to sections 
of the memory 
which 


are not block-protected. 


NOTE: When the WPEN 
bit is hardware 
write protected, 
it 


cannot 
be changed 
back to "0", as long as the WP pin is 


held low. 


Protected 
Unprotected 
Status 


WPEN 
WP 
WEN 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
Low 
0 
Protected 
Protected 
Protected 


1 
Low 
1 
Protected 
Writable 
Protected 


X 
High 
0 
Protected 
Protected 
Protected 


X 
High 
1 
Protected 
Writable 
Writable 
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READ 
SEQUENCE 
(READ): 
Reading 
the AT25128/256 
via the 
SO (Serial 
Output) 
pin 
requires 
the 
following 
sequence. 
After the CS line is pulled low to select a device, 
the READ op-code 
is transmitted 
via the SI line followed 
by 
the byte address 
to be read (Refer to Table 6). Upon com- 
pletion, 
any data on the SI line will be ignored. 
The data 
(07-00) 
at the specified 
address 
is then shifted 
o~ 
onto 
the SO line. 
If only 
one 
byte 
is to be read, 
the CS line 
should be driven high after the data comes out. The READ 
sequence 
can be continued 
since the byte address 
is auto- 
matically 
incremented 
and data will continue 
to be shifted 
out. When 
the highest 
address 
is reached, 
the address 
counter 
will 
roll over to the lowest 
address 
allowing 
the 
entire memory 
to be read in one continuous 
READ cycle. 


WRITE 
SEQUENCE 
(WRITE): 
In order 
to program 
the 
AT25128/256, 
two separate 
instructions 
must be executed. 
First, 
the device 
must 
be write 
enabled 
via the Write 
Enable (WREN) 
Instruction. 
Then a Write (WRITE) 
Instruc- 
tion may be executed. 
Also, 
the address 
of the memory 
location(s) 
to be programmed 
must 
be outside 
the pro- 
tected 
address 
field 
location 
selected 
by the Block Write 
Protection 
Level. 
During 
an internal 
write 
cycle, 
all com- 
mands will be ignored except the RDSR instruction. 


A Write Instruction 
requires 
the following 
sequence. 
After 
the CS line is pulled 
low to select the device, 
the WRITE 
op-code 
is transmitted 
via the SI line followed 
by the byte 
address 
and the data (07-00) to be programmed 
(Refer to 
Table 6). Programming 
will start after the CS pin is brought 
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high. (The LOW to High transition 
of the CS pin must occur 
during 
the SCK low time immediately 
after clocking 
in the 
DO (LSB) data bit. 


The READY/BUSY 
status of the device can be determined 
by initiating 
a READ STATUS 
REGISTER 
(RDSR) 
Instruc- 


tion. If Bit 0 = 1, the WRITE cycle is still in progress. 
If Bit 0 
= 0, the WRITE 
cycle has ended. Only the READ STATUS 
REGISTER 
instruction 
is enabled 
during 
the WRITE 
pro- 
gramming 
cycle. 


The AT25128/256 
is capable 
of a 64-byte 
PAGE WRITE 
operation. 
After each byte of data is received, 
the five low 
order address 
bits are internally 
incremented 
by one; the 
high order bits of the address 
will remain constant. 
If more 
than 64-bytes 
of data are transmitted, 
the address 
counter 
will roll over and the previously 
written data will be overwrit- 
ten. The AT25128/256 
is automatically 
returned 
to the write 
disable state at the completion 
of a WRITE 
cycle. 


NOTE: 
If the device 
is not Write 
enabled 
(WREN), 
the 
device will ignore the Write instruction 
and will return to the 
standby 
state, when CS is brought 
high. A new CS falling 
edge is required to re-initiate the serial communication. 


Table 6. Address 
Key 


Address 
AT25128 
AT25256 


AN 
A,3' 
Ao 
A", 
Ao 


Don't Care Bits 
A,s.A,4 
A,s 


Timing Diagrams 
(for SPI Mode 0 (0, 0» 


Synchronous 
Data Timing 


81 7////7I////X 


WAEN OP-CODE 
Xl/////////l 


SO 
HI-Z 


WRDlTiming 


CS 


SCK 
nsLfUUlJLJ1Jl 


81 7////7I/////X 


WADI OP-CODE 
XIOZZZ/I/Zl 


80 
HI-Z 


------- 
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DATA OUT 


3 
7 


MSB 


os~ 


SCK 


HOLD Timing 


~ 


I 1I-'c0 
- 
__ 
--I 
j11_'co - 
_ 


1---I'Ho 


HOLD ----I 
tHO Y 
I--.HZ :=::=--1 


SO 
>~-----~< 
----------- 
1.---"'.2 
------ 
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twc (max) 
Icc (max) 
IS8 (max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
5.0 
3000 
AT25128-10CC 
8C 
Commercial 


AT25128C1-10CC 
8C1 
(O°C to lO°C) 


AT25128-10PC 
8P3 


AT25128N-10SC 
8S1 


AT25128W-10SC 
8S2 


AT25128N1-10SC 
16S1 


AT25128T1-10TC 
14T 


AT25128T2-10TC 
20T 


5000 
5.0 
3000 
AT25128-10CI 
8C 
Industrial 


AT25128C1-10CI 
8C1 
(-40°C 
to 85°C) 


AT25128-10PI 
8P3 


AT25128N-10SI 
8S1 


AT25128W-10SI 
8S2 


AT25128N1-1051 
1651 


AT25128T1-10TI 
14T 


AT25128T2-10TI 
20T 


Package 
Type 


8C 
8-Lead, 0.230· Wide, Leadless Array Package (LAP) 


8C1 
a-Lead, 0.300· Wide, Leadless Array Package (LAP) 


8P3 
a-Lead, 0.300· Wide, Plastic Dual In-line Package (PDIP) 


8S1 
a-Lead, 0.150· Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC) 


8S2 
a-Lead, 0.200· Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC) 


1651 
16-Lead, 0.150· Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC) 


14T 
14-Lead, 0.170· Wide, Thin Shrink Small Outline Package (TSSOP) 


20T 
20-Lead, 0.170· Wide, Thin Shrink Small Outline Package (TSSOP) 


Options 


Blank 
Standard Device (4.5V to 5.5V) 


-2.7 
Low Vo~age (2.7V to 5.5V) 


-1.8 
Low Vo~age (1.aV to 3.6V) 


twc (max) 
Icc (max) 
ISB (max) 
'MAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
2000 
2.0 
2100 
AT2512B-1 OCC-2. 7 
BC 
Commercial 


AT2512BC1-1 
OCC-2. 7 
BC1 
(O°C to 70°C) 


AT2512B-10PC-2.7 
BP3 


AT2512BN-105C-2.7 
B51 


AT2512BW-105C-2.7 
B52 


AT2512BN1-105C-2.7 
1651 


AT2512BT1-1 
OTC-2.7 
14T 


AT2512BT2-1 
OTC-2.7 
20T 


2000 
2.0 
2100 
AT2512B-10CI-2.7 
BC 
Industrial 


AT2512BC1-10CI-2.7 
BC1 
(-40°C 
to B5°C) 


AT2512B-1 OPI-2. 7 
BP3 


AT2512BN-1051-2.7 
B51 


AT2512BW-1051-2.7 
B52 


AT2512BN1-1051-2.7 
1651 


AT2512BT1-10TI-2.7 
14T 


AT2512BT2-10TI-2.7 
20T 


Package 
Type 


8C 
8-Lead, 0.230' Wide, Leadless Array Package (LAP) 


8Cl 
8-Lead, 0.300' Wide, Leadless Array Package (LAP) 


8P3 
8-Lead, 0.300' Wide, Plastic Dual In-line Package (PDIP) 


851 
8-Lead, 0.150' Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC) 


852 
8-Lead, 0.200' Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC) 


1651 
16-Lead, 0.150' Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC) 


14T 
14-Lead, 0.170' Wide, Thin Shrink Small Outline Package (TSSOP) 


20T 
20-Lead, 0.170' Wide, Thin Shrink Small Outline Package (TSSOP) 


Options 


Blank 
Standard Device (4.5V to 5.5V) 


-2.7 
Low Voltage (2.7V to 5.5V) 


-1.8 
Low Vo~age (1.8V to 3.6V) 
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twc (max) 
Icc (max) 
IsB(max) 
fMAX 
(ms) 
(IJA) 
(IJA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


10 
1000 
2.0 
500 
AT25128-10CC-l.8 
8C 
Commercial 


AT25128Cl-l0CC-l.8 
8Cl 
(O°C to lO°C) 


AT25128-10PC-1.8 
8P3 


AT25128N-l08C-1.8 
881 


AT25128W-l 
08C-1 .8 
882 


AT25128Nl-l08C-l.8 
1681 


AT25128Tl-l0TC-l.8 
14T 


AT25128T2-10TC-l.8 
20T 


1000 
2.0 
500 
AT25128-10CI-l.8 
8C 
Industrial 


AT25128Cl-l0CI-l.8 
8Cl 
(-40°C 
to 85°C) 


AT25128-10PI-l.8 
8P3 


AT25128N-l081-1.8 
881 


AT25128W-l 
081-1.8 
882 


AT25128Nl-l081-1.8 
1681 


AT25128Tl-l0TI-1.8 
14T 


AT25128T2-1 
OTI-1 .8 
20T 


Package 
Type 


8e 
8-Lead, 0.230' Wide, Leadless Array Package (LAP) 


8el 
8-Lead, 0.300' Wide, Leadless Array Package (LAP) 


8P3 
8-Lead, 0.300' Wide, Plastic Dual In-line Package (PDIP) 


851 
8-Lead, 0.150' Wide, Plastic Gull Wing Small Outline Package (JEDEC SOle) 


852 
8-Lead, 0.200' Wide, Plastic Gull Wing Small Outline Package (EIAJ SOle) 


16S1 
16-Lead, 0.150' Wide, Plastic Gull Wing Small Outline Package (JEDEC SOIC) 


14T 
14-Lead, 0.170' Wide, Thin Shrink Small Outline Package (TSSOP) 


20T 
20-Lead, 0.170' Wide, Thin Shrink Small Outline Package (TSSOP) 


Options 


Blank 
Standard Device (4.5V to 5.5V) 


-2.7 
Low Voltage (2.7V to 5.5V) 


-1.8 
Low Voltage (1.8V to 3.6V) 


twc (max) 
Icc (max) 
ISB (max) 
fMAX 
(ms) 
(~A) 
(~A) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
5000 
5.0 
3000 
AT25256-10CC 
8C 
Commercial 


AT25256C1-10CC 
8C1 
(O°C to 70°C) 


AT25256-10PC 
8P3 


AT25256W-10SC 
8S2 


AT25256T2-10TC 
20T 


5000 
5.0 
3000 
AT25256-10CI 
8C 
Industrial 


AT25256C1-10CI 
8C1 
(-40°C 
to 85°C) 


AT25256-10PI 
8P3 


AT25256W-10SI 
8S2 


AT25256T2-10TI 
20T 


10 
2000 
2.0 
2100 
AT25256-10CC-2.7 
8C 
Commercial 


AT25256C1-1 
OCC-2. 7 
8C1 
(O°C to 70°C) 


AT25256-1 
OPC-2. 7 
8P3 


AT25256W-10SC-2.7 
8S2 


AT25256T2-1 
OTC-2. 7 
20T 


2000 
2.0 
2100 
AT25256-10CI-2.7 
8C 
Industrial 


AT25256C1-1 
OCI-2.7 
8C1 
(-40°C 
to 85°C) 


AT25256-10PI-2.7 
8P3 


AT25256W-10SI-2.7 
8S2 


AT25256T2-10TI-2.7 
20T 


10 
1000 
2.0 
500 
AT25256-1 
OCC-1 .8 
8C 
Commercial 


AT25256C1-1 
OCC-1 .8 
8C1 
(O°C to 70°C) 


AT25256-1 
OPC-1 .8 
8P3 


AT25256W-1 
OSC-1 .8 
8S2 


AT25256T2-10TC-1.8 
20T 


1000 
2.0 
500 
AT25256-10CI-1.8 
8C 
Industrial 


AT25256C1-10CI-1.8 
8C1 
(-40°C 
to 85°C) 


AT25256-10PI-1.8 
8P3 


AT25256W-10SI-1.8 
8S2 


AT25256T2-10TI-1.8 
20T 


I 
Package 
Type 


18C 
8-Lead, 0.230· Wide, Leadless Array Package (LAP) 


8C1 
8-Lead, 0.300· Wide, Leadless Array Package (LAP) 


8P3 
8-Lead, 0.300· Wide, Plastic Dual In-line Package (PDIP) 


8S2 
8·Lead, 0.200· Wide, Plastic Gull Wing Small Outline Package (EIAJ SOle) 


20T 
20-Lead, 0.170· Wide, Thin Shrink Small Outline Package (TSSOP) 


Options 


Blank 
Standard Device (4.5V to 5.5V) 


-2.7 
Low Voltage (2.7V to 5.5V) 


-1.8 
Low Voltage (1.8V to 3.6V) 
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Features 


• Serial Peripheral Interface (SPI) Compatible 
• Supports 
SPI Modes 0 (0,0) and 3 (1,1) 


• 10 MHz Clock Rate 
• 128-Byte Page Mode Only for Write Operations 
• Low-Voltage and Standard-Voltage 
Operation 


- 5.0 (Vee = 4.5V to 5.5V) 
- 2.7 (Vee = 2.7V to 5.5V) 
- 1.8 (Vee = 1.8V to 3.6V) 
• Block Write Protection 
- Protect 1/4, 1/2, or Entire Array 


• Write Protect (WP) Pin and Write Disable Instructions 
for 


Both Hardware and Software Data Protection 


• High Reliability 
- Endurance: 
lOOK Write Cycles 


- Data Retention: >40 Years 
- ESD Protection: 
>3000V 


• 8-Pin PDIP, 8-Pin EIAJ SOIC, and 8-Pin Leadless Array Package 


Description 


The AT25HP256/512 
provides 
262,144/524,288 
bits of serial electrically 
erasable 
pro- 


grammable 
read only memory 
(EEPROM) 
organized 
as 32,768/65,536 
words of 8-bits 


each. The device is optimized 
for use in many industrial 
and commercial 
applications 


where 
high-speed, 
low-power, 
and 
low-voltage 
operation 
are 
essential. 
The 


AT25HP256/512 
is available 
in a space saving 
8-pin PDIP (AT25HP256/512), 
8-pin 
EIAJ sOle 
(AT25HP256), 
and 8-pin Leadless 
Array (AT25HP256/512) 
packages. 
In 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Data Clock 


SI 
Serial Data Input 


SO 
Serial Data Output 


GND 
Ground 


VCC 
Power Supply 


WP 
Write Protect 


HOLD 
Suspends Serial Input 


Cs[]a 
vee 
so 
2 
7 
HOLD 


WP 
3 
6 
5eK 


GND 
4 
5 
51 
Cs[]a vee 
SO 
2 
7 
HOLD 


WP 
3 
6 
5eK 


GND 
4 
5 
51 


VCC[]CS 
HOLD 
~ 
SCK 
WP 


SI 
GND 
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SPI Serial 
EEPROMs 


256K (32,768 x 8) 


512K (65,536 x 8) 


AT25HP256 
AT25HP512 
Preliminary 


Note: 
Please contact Atmel Corporation for 
more information on this product. 
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addition, 
the 
entire 
family 
is available 
in 5.0V 
(4.5V 
to 
5.5V), 
2.7V 
(2.7V 
to 5.5V), 
and 1.8V (1.8V to 3.6V) 
ver- 
sions. 


The AT25HP256/512 
is enabled 
through 
the Chip Select 
pin (CS) and accessed 
via a 3-wire 
interface 
consisting 
of 
Serial Data Input (SI), Serial Data Output 
(SO), and Serial 
Clock (SCK). 
All programming 
cycles 
are completely 
self- 
timed, 
and no separate 
ERASE 
cycle 
is required 
before 
WRITE. 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 
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BLOCK 
WRITE 
protection 
is enabled 
by programming 
the 
status register with top 14,top Y2 or entire array of write pro- 
tection. 
Separate 
program 
enable 
and program 
disable 
instructions 
are provided 
for additional 
data 
protection. 


Hardware 
data protection 
is provided 
via the WP pin to pro- 
tect against 
inadvertent 
write attempts 
to the status 
regis- 
ter. The 
HOLD 
pin may be used 
to suspend 
any serial 
communication 
without 
reselling 
the serial sequence. 


MEMORY ARRAY 
32,768/65,536 x 8 


"NOTICE: 
Stresses beyond those listed under "Absolute Maxi- 
mum Ratings' may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions beyond those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Features 


• 
Serial 
Peripheral 
Interface 
(SPI) 
Compatible 
• 
Supports 
SPI Modes 
0 (0,0) and 
3 (1,1) 
• 
2.1 MHz Clock 
Rate 
• 
128-Byte 
Page 
Mode 
Only 
for Write 
Operations 
• 
Low 
Voltage 
and 
Standard 
Voltage 
Operation 
- 
5.0 (Vcc = 4.5V to 5.5V) 
- 
2.7 (Vcc = 2.7V to 5.5V) 
- 
1.8 (Vcc = 1.8V to 3.6V) 
• 
Block 
Write 
Protection 
- 
Protect 
1/4, 1/2, or Entire 
Array 
• 
Write 
Protect 
(WP) 
Pin and Write 
Disable 
Instructions 
for 
Both 
Hardware 
and 
Software 
Data 
Protection 
• 
Self-Timed 
Write 
Cycle 
(5 ms Typical) 
• 
High 
Reliability 
- 
Endurance: 
100,000 
Write 
Cycles 
- 
Data 
Retention: 
>40 Years 
- 
ESD Protection: 
>3000V 
• 
20-Pin 
JEDEC 
SOIC 
and 8-Pin 
Leadless 
Array 
Package 


Description 


The AT25P1 024 provides 
1,048,576 
bits of serial electrically 
erasable 
programmable 
read only memory 
(EEPROM) 
organized 
as 131,072 words of 8 bits each. The device 
is optimized 
for use in many industrial 
and commercial 
applications 
where 
low power 
and low voltage operation 
are essential. 
The AT25P1024 
is available 
in space saving 
20-pin JEDEC 
SOIC and 8-pin leadless 
array (LAP) packages. 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial 
Data Clock 


SI 
Serial 
Data Input 


SO 
Serial 
Data Output 


GND 
Ground 


VCC 
Power Supply 


WP 
Write 
Protect 


HOLD 
Suspends 
Serial 
Input 


NC 
No Connect 


vcc 


HOLD 


NC 


NC 


NC 


NC 


NC 


NC 


SCK 


Sl 


VCC[]CS 
HOLD 
SO 


SCK 
WP 


SI 
GND 
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The AT25P1024 
is enabled 
through 
the Chip 
Select 
pin 
(CS) 
and accessed 
via a 3-wire 
interface 
consisting 
of 
Serial Data Input (SI), Serial Data Output 
(SO), and Serial 
Clock (SCK). All programming 
cycles 
are completely 
self- 
timed, 
and no separate 
ERASE 
cycle 
is required 
before 
WRITE. 


Voltage on Any Pin 
with Respect to Ground 
-1.0V to +7.0V 


MEMORY 
ARRAY 
131.072x8 
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BLOCK 
WRITE 
protection 
is enabled 
by programming 
the 
status register with top v.., top}'2 or entire array of write pro- 
tection. 
Separate 
program 
enable 
and program 
disable 
instructions 
are provided 
for additional 
data 
protection. 


Hardware 
data protection 
is provided via the WP pin to pro- 
tect against 
inadvertent 
write attempts 
to the status 
regis- 
ter. The 
HOLD 
pin may 
be used 
to suspend 
any serial 
communication 
without 
resetting the serial sequence. 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability. 


Pin Capacitance(1) 


Applicable 
over recommended 
operating 
range from TA = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise 
noted). 


Symbol 
Test Conditions 
Max 
Units 
Conditions 


Cour 
Output 
Capacitance 
(SO) 
8 
pF 
Vour= 
OV 


C1N 
Input Capacitance 
(CS, SCK, 51, WP, HOLD) 
6 
pF 
V1N= 
OV 


DC Characteristics 


Applicable 
over recommended 
operating 
range from: 
TAl = -40°C to +85°C, Vcc = +1.8V to +5.5V, 
TAC = O°C to +70°C, Vcc = +1.8V to +5.5V (unless otherwise 
noted). 


Symbol 
Parameter 
Test Condition 
Min 
Typ 
Max 
Units 


VCC1 
Supply 
Voltage 
1.8 
3.6 
V 


VCC2 
Supply 
Voltage 
2.7 
5.5 
V 


VCC3 
Supply 
Voltage 
4.5 
5.5 
V 


ICC1 
Supply 
Current 
Vcc = 5.0V at 1 MHz, SO = Open 
Read 
2.0 
5.0 
mA 


Icc2 
Supply 
Current 
Vcc = 5.0V at 2 MHz, SO = Open Write 
4.0 
7.0 
mA 


1581 
Standby 
Current 
Vcc = 1.8V, CS = Vcc 
0.1 
3.0 
~A 


1582 
Standby 
Current 
Vcc = 2.7V, CS = Vcc 
0.2 
3.0 
~A 


1583 
Standby 
Current 
Vcc = 5.0V, CS = Vcc 
2.0 
7.0 
~A 


IlL 
Input Leakage 
V1N = OV to Vcc 
-3.0 
3.0 
~A 


10L 
Output 
Leakage 
VIN = OV to Vcc, TAC= O°C to 70°C 
-3.0 
3.0 
~A 


V 
(1) 
Input Low Voltage 
-0.6 
Vcc x 0.3 
V 
IL 


V 
(1) 
Input High Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 
IH 


VOL1 
Output 
Low Voltage 
IOL= 3.0 mA 
0.4 
V 


Output 
High Voltage 
4.5V " Vcc ,,5.5V 
IOH=-1.6mA 
Vcc - 0.8 
V 
VOH1 


VOL2 
Output 
Low Voltage 
IOL= 0.15 mA 
0.2 
V 


Output 
High Voltage 


1.8V" 
Vcc" 
3.6V 
10H= -100 ~A 
Vcc - 0.2 
V 
VOH2 
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AC Characteristics 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = As Specified, 
CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Min 
Max 
Units 


4.5-5.5 
0 
2.1 
fSCK 
SCK Clock 
Frequency 
2.7 - 5.5 
0 
1.0 
MHz 
1.8 - 3.6 
0 
0.5 


4.5-5.5 
2 


tAl 
Input Rise Time 
2.7-5.5 
2 
~s 
1.8 - 3.6 
2 


4.5-5.5 
2 
tFI 
Input Fall Time 
2.7-5.5 
2 
~s 
1.8 - 3.6 
2 


4.5-5.5 
200 
tWH 
SCK High Time 
2.7-5.5 
400 
ns 
1.8 - 3.6 
800 


4.5-5.5 
200 
tWL 
SCK Low Time 
2.7 - 5.5 
400 
ns 
1.8 - 3.6 
800 


4.5 - 5.5 
250 
tcs 
CS High Time 
2.7-5.5 
500 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
100 
tcss 
CS Setup 
Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
150 


tCSH 
CS Hold Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
30 
tsu 
Data In Setup 
Time 
2.7- 5.5 
50 
ns 
1.8 - 3.6 
100 


4.5-5.5 
50 


tH 
Data In Hold Time 
2.7-5.5 
50 
ns 
1.8 - 3.6 
100 


4.5 - 5.5 
100 


tHD 
Hold Setup 
Time 
2.7 - 5.5 
100 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
200 


tCD 
Hold Hold Time 
2.7 - 5.5 
300 
ns 
1.8 - 3.6 
400 


4.5 - 5.5 
0 
200 


tv 
Output 
Valid 
2.7 - 5.5 
0 
400 
ns 
1.8 - 3.6 
0 
800 


4.5- 5.5 
0 


tHO 
Output 
Hold Time 
2.7-5.5 
0 
ns 
1.8 - 3.6 
0 


AC Characteristics 
(Continued) 


Applicable 
over recommended 
operating 
range from TA = -40°C to +85°C, Vcc = As Specified, 


CL = 1 TTL Gate and 100 pF (unless otherwise 
noted). 


Symbol 
Parameter 
Voltage 
Mln 
Max 
Units 


4.5 - 5.5 
0 
100 


tLZ 
Hold to Output 
Low Z 
2.7- 
5.5 
0 
200 
ns 
1.8 - 3.6 
0 
300 


4.5 - 5.5 
100 
tHZ 
Hold to Output 
High Z 
2.7 - 5.5 
200 
ns 
1.8 - 3.6 
300 


4.5 - 5.5 
200 


tOIS 
Output 
Disable 
Time 
2.7 - 5.5 
250 
ns 
1.8 - 3.6 
1000 


4.5 - 5.5 
5 


twe 
Write 
Cycle Time 
2.7- 
5.5 
10 
ms 
1.8 - 3.6 
10 


4.5 - 5.5 


Enduranee(1) 
5.0V, 25°C, 
Page Mode 
2.7 - 5.5 
100K 
Write 
Cycles 
1.8 - 3.6 
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Serial Interface 
Description 


MASTER: 
The device that generates 
the serial clock. 


SLAVE: 
Because 
the Serial Clock pin (SCK) is always an 


input, the AT25P1 024 always operates 
as a slave. 


TRANSMITTER/RECEIVER: 
The 
AT25P1024 
has 


separate 
pins designated 
for data transmission 
(SO) and 


reception 
(Sl). 


MSB: 
The 
Most 
Significant 
Bit (MSB) 
is the 
first 
bit 


transmitted 
and received. 


SERIAL 
OP-CODE: 
After the device 
is selected 
with CS 


going low, the first byte will be received. 
This byte contains 


the op-code 
that defines the operations 
to be performed. 


INVALID 
OP-CODE: 
If an invalid op-code 
is received, 
no 


data will be shifted into the AT25P1 024, and the serial out- 
put pin (SO) will remain in a high impedance 
state until the 


falling edge of CS is detected 
again. This will reinitialize 
the 


serial communication. 


CHIP SELECT: 
The AT25P1024 
is selected 
when the CS 


pin is low. When the device is not selected, 
data will not be 


accepted 
via the SI pin, and the serial output pin (SO) will 


remain in a high impedance 
state. 


HOLD: 
The HOLD 
pin is used in conjunction 
with the CS 


pin to select the AT25P1024. 
When the device 
is selected 


and a serial sequence 
is underway, 
HOLD can be used to 


pause 
the serial 
communication 
with the master 
device 


without 
resetting 
the serial sequence. 
To pause, the HOLD 


pin must 
be brought 
low while 
the 
SCK 
pin is low. 
To 


resume 
serial 
communication, 
the HOLD 
pin is brought 
high while the SCK pin is low (SCK may still toggle during 
HOLD). Inputs to the SI pin will be ignored while the SO pin 
is in the high impedance 
state. 


WRITE 
PROTECT: 
The write 
protect 
pin (WP) will allow 


normal 
read/write 
operations 
when 
held high. When 
the 


WP pin is brought 
low and WPEN 
bit is "1", all write opera- 
tions 
to the status 
register 
are inhibited. 
WP going 
low 


while CS is still low will interrupt 
a write to the status regis- 


ter. If the internal write cycle has already been initiated, WP 
going low will have no effect on any write operation 
to'the 
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status 
register. 
The WP pin function 
is blocked 
when the 


WPEN 
bit in the status 
register 
is "0". This will allow 
the 


user to install the AT25P1024 
in a system 
with the WP pin 
tied to ground 
and still be able to write to the status 
regis- 


ter. All WP pin functions 
are enabled when the WPEN 
bit is 


set to "1". 


DATA OUT (MOSI) 
SI 


DATA IN (MISO) 
SO 


SERIAL CLOCK (SPI CK) 
SCK 


SSO 
-CS 


SS1 - 
.-. SI 


SS2 - 
0---- - 
SO 
SS3f--- 


SCK 
-CS 


l-~ 
SI 


t-- - 
SO 


SCK 
-CS 


4 
SI 


~ 
SO 


SCK 
- 
CS 


Functional 
Description 


The AT25P1 024 is designed 
to interface 
directly 
with the 
synchronous 
serial 
peripheral 
interface 
(SPI) of the 6800 
type 
series of microcontrollers. 


The AT25P1024 
utilizes 
an 8-bit instruction 
register. 
The 
list of instructions 
and their operation 
codes are contained 


in Table 
1. All instructions, 
addresses, 
and data are trans- 
ferred with the MSB first and start with a high-to-Iow 
transi- 
tion. 


Table 1. Instruction 
Set for the AT25P1 024 


Instruction 
Instruction 
Name 
Format 
Operation 


WREN 
0000Xll0 
Set Write Enable Latch 


WRDI 
0000 Xl00 
Reset Write Enable Latch 


RDSR 
0000 Xl0l 
Read Status Register 


WRSR 
0000 XOOl 
Write Status Register 


READ 
OOOOXOll 
Read Data from Memory Array 


WRITE 
0000 X010 
Write Data to Memory Array 


WRITE 
ENABLE 
(WREN): 
The device will power up in the 
write disable 
state when Vcc is applied. 
All programming 
instructions 
must therefore 
be preceded 
by a Write Enable 


instruction. 


WRITE 
DISABLE 
(WRDI): 
To protect 
the device 
against 
inadvertent 
writes, the Write Disable instruction 
disables 
all 
programming 
modes. The WRDI instruction 
is independent 
of the status of the WP pin. 


READ 
STATUS 
REGISTER 
(RDSR): 
The 
Read 
Status 
Register 
instruction 
provides 
access to the status register. 


The READY/BUSY 
and Write 
Enable 
status 
of the device 
can be determined 
by the RDSR instruction. 
Similarly, 
the 
Block Write Protection 
bits indicate 
the extent of protection 
employed. 
These 
bits are set by using the WRSR 
instruc- 
tion. 


Table 2. 
Status Register 
Format 
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Bit 
Definition 


Bit 0 (RDY) 
Bit 0 = 0 (RDY) indicates the device is READY. 
Bit 0 = 1 indicates the write cycle is in progress. 


Bit 1 (WEN) 
Bit 1 = 0 indicates the device is no/WRITE ENABLED. 
Bit 1 = 1 indicates the device is WRITE ENABLED. 


Bit2 (BPO) 
See Table 4. 


Bit 3(BP1) 
See Table 4. 


Bits 4-6 are Oswhen device is not in an internal write cycle. 


Bit7(WPEN) 
See Table 5. 


Bits 0-7 are Is during an internal write cycle. 


WRITE STATUS 
REGISTER 
(WRSR): 
The WRSR instruc- 
tion allows 
the user to select 
one of four levels 
of protec- 
tion. The AT25P1024 
is divided 
into four array segments. 
Top quarter 
(1/4), top half (1/2), or all of the memory 
seg- 
ments 
can 
be protected. 
Any 
of the 
data 
within 
any 
selected 
segment 
will therefore 
be READ only. The block 
write 
protection 
levels 
and corresponding 
status 
register 
control bits are shown in Table 4. 


The three bits, BPO, BP1, and WPEN 
are nonvolatile 
cells 
that have the same properties 
and functions 
as the regular 
memory 
cells (e.g. WREN, 
twc, RDSR). 


Table 4. 
Block Write Protect Bits 


Status Register 
Bits 
Array Addresses 
Protected 


Level 
BPl 
BPO 
AT25Pl024 


0 
0 
0 
None 


1(1/4) 
0 
1 
01800·01 
FFFF 


2(1/2) 
1 
0 
010000 - 01FFFF 


3(AII) 
1 
1 
0000·01 
FFFF 


The WRSR 
instruction 
also allows 
the user to enable 
or 
disable 
the write 
protect 
(WP) pin through 
the use of the 
Write 
Protect 
Enable 
(WPEN) 
bit. Hardware 
write protec- 


tion is enabled when the WP pin is low and the WPEN bit is 
"1". Hardware 
write protection 
is disabled 
when either the 
WP pin is high or the WPEN 
bit is "0." When the device 
is 
hardware 
write 
protected, 
writes 
to the Status 
Register, 


including 
the Block Protect bits and the WPEN 
bit, and the 
block-protected 
sections 
in the memory 
array are disabled. 


Writes 
are only allowed 
to sections 
of the memory 
which 
are not block-protected. 


• 


NOTE: When the WPEN 
bit is hardware 
write protected, 
it 
cannot 
be changed 
back to "0", as long as the WP pin is 
held low. 


Table 5. WPEN Operation 


Protected 
Unprotected 
Status 
WPEN 
WP 
WEN 
Blocks 
Blocks 
Register 


0 
X 
0 
Protected 
Protected 
Protected 


0 
X 
1 
Protected 
Writable 
Writable 


1 
Low 
0 
Protected 
Protected 
Protected 


1 
Low 
1 
Protected 
Writable 
Protected 


X 
High 
0 
Protected 
Protected 
Protected 


X 
High 
1 
Protected 
Writable 
Writable 


READ 
SEQUENCE 
(READ): 
Reading 
the AT25P1024 
via the 
SO (Serial 
Output) 
pin 
requires 
the following 
sequence. 
After the CS line is pulled low to select a device, 
the READ op-code 
is transmitted 
via the SI line followed 
by 
the byte address 
to be read (Refer to Table 6). Upon com- 
pletion, 
any data on the SI line will be ignored. 
The data 
(D7-DO) at the specified 
address 
is then shifted 
out onto 
the SO line. 
If only 
one 
byte 
is to be read, 
the CS line 
should be driven high after the data comes out. The READ 
sequence 
can be continued 
since the byte address 
is auto- 
matically 
incremented 
and data will continue 
to be shifted 
out. When 
the highest 
address 
is reached, 
the address 
counter 
will rollover 
to the lowest 
address 
allowing 
the 
entire memory to be read in one continuous 
READ cycle. 


WRITE 
SEQUENCE 
(WRITE): 
In order 
to program 
the 
AT25P1024, 
two separate 
instructions 
must be executed. 


First, 
the device 
must 
be write 
enabled 
via the Write 
Enable (WREN) 
Instruction. 
Then a Write (WRITE) 
Instruc- 
tion may be executed. 
Also, 
the address 
of the memory 
location(s) 
to be programmed 
must 
be outside 
the pro- 


tected 
address 
field 
location 
selected 
by the Block Write 
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Protection 
Level. 
During 
an internal 
write 
cycle, 
all com- 
mands will be ignored except the RDSR instruction. 


A Write 
Instruction 
requires 
the following 
sequence. 
After 
the CS line is pulled low to select the device, 
the WRITE 
op-code 
is transmitted 
via the SI line followed 
by the byte 
address 
and the data (D7-DO) to be programmed 
(Refer to 
Table 6). Programming 
will start after the CS pin is brought 
high. 
(The LOW to High transition 
of the CS pin must occur 
during 
the SCK low time immediately 
after clocking 
in the 
DO (LSB) data bit. 


The READY/BUSY 
status of the device can be determined 
by initiating 
a READ STATUS 
REGISTER 
(RDSR) 
Instruc- 


tion. If Bit 0 = 1, the WRITE cycle is still in progress. 
If Bit 0 
= 0, the WRITE 
cycle has ended. Only the READ STATUS 
REGISTER 
instruction 
is enabled 
during 
the WRITE 
pro- 


gramming 
cycle. 


The AT25P1024 
is capable 
of a 128-byte 
PAGE WRITE 
operation 
ONLY. 
Content 
of the page in the array will not 
be guaranteed 
if less than 
128 bytes 
of data is received 
(byte operation 
is not supported). 
After each byte of data is 
received, 
the seven 
low order 
address 
bits are internally 
incremented 
by one; the high order bits of the address 
will 


remain constant. 
If more than 128 bytes of data are trans- 
mitted, the address 
counter will roll over and the previously 
written 
data will be overwritten. 
The AT25P1 024 is auto- 
matically 
returned 
to the write disable 
state at the comple- 
tion of a WRITE cycle. 


NOTE: 
If the device 
is not Write 
enabled 
(WREN), 
the 
device will ignore the Write instruction 
and will return to the 
standby 
state, when CS is brought 
high. A new CS falling 
edge is required to re-initiate 
the serial communication. 


Table 6. Address 
Key 


Address 
AT25P1024 


AN 
A,. 
- Ao 


Don't Care Bits 
A23• 
A17 


Timing Diagrams 
{for SPI Mode 0 CO, 0» 


Synchronous 
Data Timing 


51 7OOIZ7I//X 


WREN OP-CODE 
X////7IIIDl 


SO 
HI-Z 


WRDITiming 


CS 


SCK 
IUUUUUUUl 


SI 7I////7IIIIX 


WRDI OP-CODE 
x/7IIIZ////l 


SO 


HI-Z 


------- 
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READ Timing 


cs 
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SI 
~ 
INSTRUCTION 


WRITE Timing 


CS 


HOLD Timing 


~ 


Ui 
~ 
~ 
~ 
~ 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 28 29 30 31 32 33 34 
~ 
~ 
~ 
~ 
~ 
jlJlJUlJUlJl,jlJlJlilll 


~ 


1st 
BYT~EDATA·IN 
128th BYTE DATA-IN 
3-BYTE ADDRESS 


23 22 21 
3 
2 
1 
0 
7 
6 
5 
4 
3 
2 
1 
0 


"----.II 
I 'co 
_-I - 
_ 
1_11- 


1co 


- 
-- 
I.----.I'HO 


R"(J[D ----I 
,Ho y 
I----- IHZ-l >~----< 
------------- 
I----J 1 


12 


------- 
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twc (max) 
Icc (max) 
ISB (max) 
'MAX 
(ms) 
(IlA) 
(IlA) 
(kHz) 
Ordering 
Code 
Package 
Operation 
Range 


5 
7000 
7.0 
2100 
AT25P1 024C1-1 OCC 
8C1 
Commercial 


AT25P1 024W1-1 OSC 
20S 
(O°C to 70°C) 


7000 
7.0 
2100 
AT25P1 024C1-1 OCI 
8C1 
Industrial 


AT25P1 024W1-1 
OSI 
20S 
(-40°C 
to 85°C) 


10 
2000 
3.0 
1400 
AT25P1024C1-10CC-2.7 
8C1 
Commercial 


AT25P1 024W1-1 
OSC-2. 7 
20S 
(O°C to 70°C) 


2000 
3.0 
1000 
AT25P1 024C1-1 OCI-2.7 
8C1 
Industrial 


AT25P1 024W1-1 OSI-2. 7 
20S 
(-40°C 
to 85°C) 


10 
1000 
3.0 
500 
AT25P1 024C1-1 OCC-1 .8 
8C1 
Commercial 


AT25P1 024W1-1 OSC-1 .8 
20S 
(O°C to 70°C) 


1000 
3.0 
500 
AT25P1024C1-10CI-1.8 
8C1 
Industrial 


AT25P1024W1-10SI-1.8 
20S 
(-40°C 
to 85°C) 


Package 
Type 


8Cl 
8-Lead, 
0.300" 
Wide, 
Leadless 
Array 
Package 
(LAP) 


205 
20-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
Package 
(JEDEC 
SOIC) 


Options 


Blank 
Standard 
Device 
(4.5V to 5.5V) 


-2.7 
Low Voltage 
(2.7V to 5.5V) 


-1.8 
Low Voltage 
(1.8V to 3.6V) 


Interfacing AT24CXX Serial EEPROMs with 


AT89CX051 Microcontrollers 


Serial 
memory 
devices 
offer significant 
advantages 
over 
parallel 
devices 
in 


applications 
where 
lower 
data transfer 


rates 
are 
acceptable. 
In addition 
to 


requiring 
less 
board 
space, 
serial 


devices 
allow microcontroller 
I/O pins to 


be conserved. 
This is especially 
valuable 


when adding external 
memory 
to low pin 


count microcontrollers 
such as the Atmel 


AT89C 1D51 and AT89C2D51 . 


This application 
note presents 
a suite of 


software 
routines which may be incorpo- 
rated into a user's application 
to allow an 


AT89CXD51 
microcontroller 
to read and 


write 
AT24CXX 
serial 
EEPROMs. 
The 


software 
supports 
all members 
of the 


AT24CXX 
family, 
and 
may 
easily 
be 


modified 
for compatibility 
with any of the 


Atmel 
8D51-code 
compatible 
microcon- 
trollers. 


Hardware 


A typical 
interconnection 
between 
an 


AT89CXD51 
microcontroller 
and 
an 


AT24CXX 
serial 
EEPROM 
is shown 
in 
Figure 1. As indicated 
in the figure, up to 
eight 
members 
of the AT24CXX 
family 
may share 
the bus, 
utilizing 
the same 
two microcontroller 
I/O pins. Each device 


on the bus must have its address 
inputs 


(AD, 
A 1, A2) 
hard-wired 
to a unique 
address. 
In the figure, 
the first 
device 
recognizes 
address zero (AD, A 1, A2 tied 
low). 
while 
the 
eighth 
recognizes 
address 
seven 
(AD, 
A 1, A2 tied 
high). 
Not all members 
of the AT24CXX 
family 
recognize 
all three address 
inputs, 
limit- 


ing the number 
of some 
devices 
which 
may be present 
to less than eight. 
The 
exact 
number 
of devices 
of each 
type 
which 
may share 
the 
bus is shown 
in 
Table 1. 


Bidirectional 
Data Transfer 
Protocol 


The Bidirectional 
Data Transfer 
Protocol 
utilized 
by the AT24CXX 
family allows a 
number of compatible 
devices to share a 


(continued) 


Page Size 
Addresses 


Device 
Size (Bytes) 
(Bytes) 
Max Per Bus 
Used 


AT24C01 
1K 
8 
1 
None 


AT24C01A 
1K 
8 
8 
AO,A1,A2 


AT24C02 
2K 
8 
8 
AO, A1, A2 


AT24C04 
4K 
16 
4 
A1, A2 


AT24C08 
8K 
16 
2 
A2 


AT24C16 
16K 
16 
1 
None 


AT24C164 
16K 
16 
8 
AO,A1,A2 


AT24C32 
32K 
32 
8 
AO, A1, A2 


AT24C64 
64K 
32 
8 
AO,A1,A2 
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Interfacing 
24CXX Serial 
EEPROMs 


Application 
Note 


Va; 
.1 
10 
uF 


P3.OIRXD 
P3.tITXD 
P3.2JWTO 
P3.3Ilm'1 
P3.4rrO 
P3.5fTl 


11 
P3.7 


+P1.0 
12 
.P1.1 
13 


P1.2 
~~ 
P1.3 
16 


~~:~ 
17 
P1.6 
18 
P1.7 
19 


common 
2-wire 
bus. The 
bus consists 
of a serial 
clock 
(SCL) line and a serial data (SDA) line. The clock is gener- 
ated by the bus master 
and data is transmilled 
serially 
on 
the data line, most significant 
bit first, synchronized 
to the 
clock. The protocol 
supports 
bidirectional 
data transfers 
in 
8-bit bytes. 


In this application, 
the microcontroller 
serves 
as the bus 
master, initiating 
all data transfers 
and generating 
the clock 
which regulates 
the flow of data. The serial devices present 
on the bus are considered 
slaves, 
accepting 
or sending 
data in response 
to orders from the master. 


The bus master 
initiates 
a data transfer 
by generating 
a 
start condition 
on the bus. This is followed 
by transmission 
of a byte containing 
the device 
address 
of the intended 
recipient. 
The device 
address 
consists 
of a 4-bit fixed por- 
tion and a 3-bit programmable 
portion. 
The fixed 
portion 
must match the value 
hard-wired 
into the slave, while the 
programmable 
portion allows the master to select between 
a maximum 
of eight slaves of similar type on the bus. 


AT24CXX 
serial 
EEPROMs 
respond 
to device 
addresses 
with a fixed 
portion 
equal 
to '1010' 
and a programmable 
portion 
matching 
the address 
inputs 
(AO, A1, A2). Not all 
members 
of the AT24CXX 
family examine 
all three address 
inputs; Table 1 shows which of the three address inputs are 
valid for each member 
of the family. 


The eighth 
bit in the device 
address 
byte specifies 
a write 
or read operation. 
After 
the eighth 
bit is transmilled, 
the 
master 
releases 
the data line and generates 
a ninth clock. 
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If a slave has recognized 
the transmilled 
device address, 
it 


will respond 
to the ninth clock by generating 
an acknowl- 
edge condition 
on the data line. A slave which is busy when 
addressed 
may not generate 
an acknowledge. 
This is true 
for the AT24CXX 
when a write operation 
is in progress. 


Following 
receipt 
of the slave's 
address 
acknowledgment, 
the master continues 
with the data transfer. 
If a write oper- 
ation has been ordered, the master transmits 
the remaining 
data, with the slave acknowledging 
receipt of each byte. If 
the master 
has ordered 
a read operation, 
it releases 
the 
data line and clocks 
in data sent by the slave. 
After each 
byte is received, 
the master 
generates 
an acknowledge 
condition 
on the bus. The acknowledge 
is omilled 
following 
receipt 
of the last byte. The master 
terminates 
all opera- 
tions by generating 
a stop condition 
on the bus. The master 
may also abort a data transfer 
at any time by generating 
a 
stop condition. 


Refer to the AT24CXX 
family data sheets for detailed 
infor- 
mation 
on AT24CXX 
device 
operation 
and 
Bidirectional 
Data Transfer 
Protocol bus timing. 


The software 
for this application 
may be obtained 
by down- 
loading 
from 
Atmel's 
Web 
Site or BBS: 
(408) 436-4309. 


Consult 
the comment 
block at the beginning 
of the source 
code file for detailed 
information 
on features 
and operation. 


~ 
Web Site: 
http://www.atmel.com 


~ 
BBS: 
1-(408)436-4309 


Interfacing AT93CXX Serial EEPROMs with 


AT89CX051 Microcontrollers 


Serial memory 
devices 
offer significant 


advantages 
over 
parallel 
devices 
in 


applications 
where 
lower data transfer 


rates 
are acceptable. 
In addition 
to 


requiring 
less 
board 
space, 
serial 


devices allow microcontroller 
I/O pins to 


be conserved. This is especially valuable 
when adding external memory to low pin 
count microcontrollers 
such as the Atmel 


AT89C1051 
and AT89C2051. 


This application 
note presents a suite of 


software routines which may be incorpo- 
rated into a user's 
application 
to allow 


AT89CX051 
microcontrollers 
to read and 


write 
AT93CXX 
serial 
EEPROMs. 
All 
seven 
AT93CXX 
device 
functions 
are 


supported: 
read, write, write all, erase, 
erase 
all, 
erase/write 
enable 
and 


erase/write 
disable. 
The routines 
are 


general purpose, 
supporting 
both eight- 


bit and sixteen-bit 
accesses to all mem- 


bers of the 93CXX 
family. 
In addition, 
both 3-wire and 4-wire configurations 
are 


supported. 


The AT93CXX 
may be connected to the 


AT89CX051 
microcontroller 
in either a 3- 


wire (Figure 1) or 4-wire (Figure 2) con- 
figuration. 
In the 3-wire configuration, the 
EEPROM 
serial data in (01) and serial 
data out (DO) pins are both connected to 
the same microcontroller 
I/O pin, thereby 
saving 
a pin. This is possible 
because 
the 
microcontroller 
I/O pins 
can 
be 
dynamically 
reprogrammed 
as input or 
output. 


Note 
the strapping 
of the AT93CXX 
ORG pins shown in Figure 1 and Figure 
2. The ORG (internal 
organization) 
pin 
selects 
8-bit data when grounded 
and 
16-bit data when floating or tied to Vcc. 
The ORG pin connections 
shown in the 
figures 
are for illustration 
only; 8-bit or 
16-bit data may be selected in either the 
3-wire or 4-wire configuration. 


The software for this application 
may be 
obtained 
by downloading 
from Atmel's 
Web Site or BBS. Consult the comment 
block 
at the beginning 
of the source 
code file for detailed information 
on fea- 
tures and operation. 


• 
Web Site: 
h"p:JJwww.atmel.com 


m::!!:a 
BBS: 
1-(408)436-4309 
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Figure 
1. 3-Wire Configuration 
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Figure 
2. Typical 
Circuit Configuration 
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Interfacing AT25XXX Serial EEPROMs with 


AT89CXX Microcontrollers 


Serial Peripheral 
Interface 


Serial memory 
devices 
offer significant 


advantages 
over 
parallel 
devices 
in 


applications 
where 
lower data transfer 


rates 
are acceptable. 
In addition 
to 


requiring 
less 
board 
space, 
serial 


devices allow microcontroller 
I/O pins to 


be conserved. This is especially valuable 
when adding external memory to low pin 
count microcontrollers 
such as the Atmel 


AT89C 1051 and AT89C2051 . 


This application 
note presents a suite of 


software routines which may be incorpo- 
rated into a user's 
application 
to allow 


AT89CXX 
microcontrollers 
to read from 


and write to AT25XXX serial EEPROMs. 
All six AT25XXX 
device operations 
are 


supported: 
read memory, write memory, 
read status, write status, (set write pro- 
tection 
levels), 
write 
enable 
and write 


disable. 
Routines 
are also provided 
to 


read from and write to memory 
utilizing 


the page mode of the AT25XXX. 
The 


software supports both 3-wire and 4-wire 
configurations 
and meets all AT25XXX 


family timing requirements 
when run on 


an AT89CXX 
microcontroller 
with a 24 


MHz clock. 


Hardware 


The AT25XXX may be connected to the 
AT89CXX 
microcontroller 
in either a 3- 
wire (Figure 1) or 4-wire (Figure 2) con- 
figuration. In the 3-wire configuration, 
the 
EEPROM 
serial data in (SI) and serial 
data out (SO) pins are both connected to 
the same microcontroller 
I/O pin, thereby 
saving a pin. This is possible 
because 
the 
microcontroller 
I/O pins 
can 
be 
dynamically 
reprogrammed 
as input or 
output. 


Software 


Software for this application note may be 
downloaded 
from Atmel's 
Web Site or 


BBS. Consult the comment 
block at the 
beginning 
of the source 
code 
file for 
detailed 
information 
on features 
and 
operation. 


Web Site: 
http://www.atmel.com 


BBS: 
1-(408)436-4309 
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Section 
3 
Parallel 
EEPROMs 


Battery-Voltage™. 
2.7V - 3.6V Operation 


AT28BV16 
2K x 8 


AT28BV256 
32K x 8 


AT28BV64 
8K x 8 


AT28BV64B 
8K x 8 


Low-Voltage· 
3.0V - 3.6V Operation 


AT28LV010 
128K x 8 


Standard 
Voltage· 
5V Operation 


AT28C16 
2K x 8 


AT28C16-T 
2K x 8 


AT28C17 
2K x 8 


AT28C64/X 
8Kx 
8 


AT28C64B 
8Kx 
8 


AT28C256 
32K x 8 


AT28C010 
Com/lnd 
128K x 8 


AT28C010 
Mil 
128K x 8 


AT28C040 
512K x 8 


AT28HC64B 
8Kx 
8 


AT28HC256 
32Kx 
8 


16K-bit, 2.7-volt 
EEPROM 
3-3 


256K-bit, 
2.7-volt 
EEPROM 
3-11 


64K-bit, 2.7-volt 
EEPROM 
3-21 


64K-bit, 2.7-volt 
EEPROM 
with 
Software 
Data Protection 
3-29 


16K-bit, 5-volt EEPROM 
3-49 


16K-bit, 5-volt PCMCIA 
Nonvolatile 
Attribute 
Memory 
3-59 


16K-bit, 5-volt EEPROM 
3-67 


64K-bit, 5-volt EEPROM 
without 
Ready/Busy 
3-77 


64K-bit, 5-volt EEPROM 
with 
Software 
Data Protection 
3-87 


256K-bit, 
5-volt EEPROM 
3-99 


1M-bit, 5-volt EEPROM 
with 128-Byte 
Page, 


Commercial 
and Industrial 
3-115 


1M-bit, 5-volt EEPROM 
with 128-Byte 
Page, 


Military 
3-127 


4M-bit, 5-volt EEPROM 
with 512-Byte 
Page 
3-139 


High Speed, 64K-bit, 
5-volt EEPROM 
with Software 
Data Protection 
3-149 


High Speed, 256K-bit, 
5-volt EEPROM 
3-161 


EEPROM 
Application 
Notes 


Parallel EEPROM 
Data Protection 
3-175 


Software 
Chip Erase 
3-179 


Programmers 
That Support 
Atmel Memory 
Products 
3-181 
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Features 


• 2.7 to 3.6V Supply 
- Full Read and Write Operation 


• Low Power Dissipation 
- 8 mA Active Current 
- 50 IJA CMOS Standby Current 
• Read Access Time· 250 ns 
• Byte Write· 
3 ms 
• Direct Microprocessor 
Control 


- DATA Polling 
- READ/BUSY Open Drain Output on TSOP 


• High Reliability 
CMOS Technology 


- Endurance: 
100,000 Cycles 
- Data Retention: 
10 Years 


• Low Voltage CMOS Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte Wide Pinout 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28BV16 
is a low-power, 
high-performance 
Electrically 
Erasable 
and Program- 
mable Read Only Memory with easy to use features. 
The AT28BV16 
is a 16K memory 


organized 
as 2,048 words by 8 bits. The device 
is manufactured 
with Atmel's 
reliable 
nonvolatile 
CMOS technology. 
(continued) 


Pin Name 
Function 


AO-A10 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


RDY/BUSY 
ReadylBusy Output 


NC 
No Connect 


DC 
Don't Connect 


PDIP, SOIC 
Top View 


A7 
24 
VCC 


AG 
23 
A8 


AS 
22 
A9 


A4 
21 
WE 


A3 
20 
OE 


A2 
19 
AIO 


Al 
18 
CE 


AO 
17 
V07 


VOO 
lG 
VOG 


VOl 
15 
V05 


V02 
14 
V04 
GND 
13 
V03 


OE 


NC 


A9 


A8 


NC 
WE 


VCC 


RDY/BUSY 


NC 


A7 


AG 


AS 


A4 


A3 


TSOP 
Top View 


PLCC 
Top View 


<~~g~I~~ 
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16K (2K X 8) 
Battery-Voltage™. 
Parallel 
EEPROMs 


The AT28BV16 
is accessed 
like a static RAM for the read 
or write 
cycles 
without 
the need of external 
components. 


During a byte write, the address 
and data are latched inter- 
nally, freeing 
the microprocessor 
address 
and data bus for 
other 
operations. 
Following 
the initiation 
of a write 
cycle, 


the device 
will go to a busy state and automatically 
clear 
and write the latched 
data using an internal 
control 
timer. 


The end of a write cycle can be determined 
by DATA poll- 


ing 
of 1/07. 
Once 
the 
end 
of a write 
cycle 
has 
been 
detected, 
a new access for a read or a write can begin. 


VCC 
__ 


GND-- 


OE-- 
WE-- 
CE 


ADDRESS [=: 
INPUTS - 


OE, 
CE AND 
WE 
LOGIC 


Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


Voltage on OE and A9 
with Respect to Ground 
-0.6V to +13.5V 
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The CMOS technology 
offers fast access times of 250 ns at 
low power 
dissipation. 
When 
the chip 
is deselected 
the 
standby current is less than 50 l1A. 


Atmel's 
28BV16 
has additional 
features 
to ensure 
high 
quality and manufacturability. 
The device 
utilizes error cor- 


rection internally 
for extended 
endurance 
and for improved 
data 
retention 
characteristics. 
An 
extra 
32-bytes 
of 


EEPROM 
are available 
for device identification 
or tracking. 


DATA LATCH 


INPUTIOUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28BV16 
is accessed 
like a Static 
RAM. 


When GE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in a high 
impedance 
state whenever 
GE or OE is high. This dual line 
control 
gives 
designers 
increased 
flexibility 
in preventing 
bus contention. 


BYTE WRITE: 
Writing 
data into the AT28BV16 
is similar 
to writing 
into a Static RAM. A.low pulse on the WE or GE 


input 
with OE high and GE or WE low (respectively) 
ini- 
tiates a byte write. The address 
location 
is latched 
on the 


last falling 
edge of WE (or GE); the new data is latched 
on 
the first rising edge. Internally, 
the device 
performs 
a self- 
clear 
before 
write. 
Once a byte write 
has been started, 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twe, a read operation 
will effectively 
be a polling 
opera- 
tion. 


DATA POLLING: 
The AT28BV16 
provides 
DATA POLL- 
ING to signal the completion 
of a write cycle. During a write 
cycle, an attempted 
read of the data being written results in 


AlmEL 


the complement 
of that data for 1/07 (the other outputs 
are 
indeterminate). 
When the write cycle is finished, 
true data 
appears 
on all outputs. 


READY/BUSY 
(TSOP 
only): 
READY/BUSY 
is an open 
drain output; 
it is pulled low during the internal 
write cycle 
and released at the completion 
of the write cycle. 


WRITE 
PROTECTION: 
Inadvertent 
writes 
to the device 
are 
protected 
against 
in the 
following 
ways: 
(a) V cc 


sense-if 
Vcc is below 2.0V (typical) 
the write function 
is 
inhibited; 
(b) Vcc power on delay-once 
Vce has reached 
2.0V the device 
will automatically 
time out 5 ms (typical) 
• 
before allowing 
a byte write; and (c) Write Inhibit-holding 
anyone 
of OE low, CE high or WE high inhibits 
byte write 
cycles. 


DEVICE 
IDENTIFICATION: 
An 
extra 
32-bytes 
of 
EEPROM 
memory are available 
to the user for device iden- 
tification. 
By raising 
A9 to 12 ± O.5V and using 
address 


locations 7EOH to 7FFH the additional 
bytes may be written 
to or read from in the same manner as the regular memory 
array. 
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AT28BV16-25 
AT28BV16-30 


Operating 
I Com. 
O°C - 70°C 
O°C - 70°C 


Temperature 
(Case) 
I Ind. 
-40°C 
- 85°C 
-40°C - 85°C 


Vee Power Supply 
2.7V to 3.6V 
2.7V to 3.6V 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Refer to AC Programming 
Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = OV to Vee + 1.0V 
5 
~A 


'LO 
Output 
Leakage 
Current 
Vvo = OV to Vee 
5 
~A 


15B 
Vee Standby 
Current 
CMOS 
CE = Vee - 0.3V to Vee + 1.0V 
50 
~ 


Ice 
Vee Active 
Current 
AC 
f = 5 MHz; 
'OUT = 0 mA; CE = VIL 
8 
mA 


VIL 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


10L= 1 mA 
0.3 
V 
VOL 
Output 
Low Voltage 
10L= 2 mA for RDY/BUSY 
0.3 
V 


VOH 
Output 
High Voltage 
10H= -100 ~A 
2.0 
V 


AT28BV16-25 
AT28BV16·30 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tAcc 
Address 
to Output 
Delay 
250 
300 
ns 


t 
(1) 
CE to Output 
Delay 
250 
300 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
100 
100 
ns 
OE 
t 
(3)(4) 
CE or OE High to Output 
Float 
0 
55 
0 
55 
ns 
DF 


tOH 
Output 
Hold from OE, CE or Address, 
whichever 
0 
0 
ns 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE - tOE after the falling 
edge of CE without 
impact 
on tCEor by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 


LEVELS 
1. 


811 
OUTPUT 
PIN 


UK 
~ 
100pF 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°G(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


GIN 
4 
6 
pF 
VIN= 
OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOEs 
Address, 
OE Set-up 
Time 
10 
ns 


tAH 
Address 
Hold Time 
100 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
150 
1000 
ns 


tDS 
Data Set-up 
Time 
100 
ns 


tDH, tOEH 
Data, OE Hold Time 
10 
ns 


tcs, tCH 
CE to WE and WE to CE Set-up 
and Hold Time 
0 
ns 


twc 
Write 
Cycle Time 
3.0 
ms 


tDB 
Time to Device 
Busy 
. 
50 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


toE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 
2. 
See AC Characteristics. 


Data Polling Waveforms 


WE 


AO- A10 
A_n_X 
An 
X 
An 
;: 
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tACC ens) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


250 
8 
0.05 
AT28BV16-25TC 
28T 
Commercial 


AT28BV16-25JC 
32J 
(O°C to lO°C) 


AT28BV16-25PC 
24P6 


AT28BV16·25SC 
24S 


8 
0.05 
AT28BV16·25TI 
28T 
Industrial 


AT28BV16·25J1 
32J 
(-40°C 
to 85°C) 


AT28BV16-25PI 
24P6 


AT28BV16-25SI 
24S 


300 
8 
0.05 
AT28BV16-30TC 
28T 
Commercial 


AT28BV16-30JC 
32J 
(O°C to lO°C) 


AT28BV16-30PC 
24P6 


AT28BV16-30SC 
24S 


8 
0.05 
AT28BV 16-30TI 
28T 
Industrial 


AT28BV16-30JI 
32J 
(-40°C 
to 85°C) 


AT28BV16-30PI 
24P6 


AT28BV16-30SI 
24S 


Valid Part Numbers 


The 
following 
table 
lists 
standard 
Atmel 
products 
that 
can 
be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28BV16 
25 
JC, JI, PC, PI, SC, SI, TC, TI 


AT28BV16 
30 
JC, JI, PC, PI, SC, SI, TC, TI 


Package 
Type 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


32J 
32-Lead, 
Plastic J-Leaded 
Chip Carrier 
(PLCC) 


24P6 
24-Lead, 
0.600" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


24S 
24-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOl C) 


Features 


• Single 2.7V - 3.5V Supply 
• Fast Read Access Time - 200 ns 
• Automatic 
Page Write Operation 


- Internal Address and Data Latches for 54 Bytes 
- Internal Control Timer 
• Fast Write Cycle Times 
- Page Write Cycle Time: 10 ms Maximum 
- 1- to 54-Byte Page Write Operation 


• Low Power Dissipation 
- 15 mA Active Current 
- 20 ~ 
CMOS Standby Current 
• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 


- Endurance: 
10,000 Cycles 


- Data Retention: 
10 Years 


• JEDEC Approved 
Byte-Wide Pinout 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28BV256 
is a high-performance 
Electrically 
Erasable and Programmable 
Read 


Only Memory. 
Its 256K of memory 
is organized 
as 32,768 words by 8 bits. Manufac- 


tured with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers access 


times to 200 ns with power dissipation 
of just 54 mW. When the device is deselected, 
the CMOS standby 
current is less than 200 !JA. 
(continued) 


Pin Configurations 


Pin Name 
Function 


AD -A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
Top View 
~~~g~l~~ 


.C'J('I,j 
••.•C\l ••.•O 
OM 
M (")29 
AS 


28 
A9 
27 
All 


26 
NC 
25 
i5E 


24 
Al0 
23 
CE 
22 
V07 
V08 


A8 


AS 


A4 


A3 


A2 


A1 


AO 


NC 


VOO 
13..,. 
It) 
CD 
••••. to 
Q) 
021 
•••••••••••••••••••••••• 
C\l 


Note: PLCC package pins 1 and 17 
are DON'T CONNECT. 


PDIP,SOIC 
Top View 


TSOP 
Top View 
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256K (32K X 8) 
Battery-Voltage™. 
Parallel 
EEPROMs 


The AT28BV256 
is accessed 
like a Static RAM for the read 
or write 
cycle without 
the need for external 
components. 


The device contains 
a 64-byte 
page register to allow writing 
of up to 64 bytes simultaneously. 
During a write cycle, the 
addresses 
and 1 to 64 bytes of data are internally 
latched, 
freeing the address 
and data bus for other operations. 
Fol- 
lowing the initiation of a write cycle, the device will automat- 
ically write the latched 
data using an internal control timer. 


The end of a write cycle can be detected 
by DATA polling 


VCC-- 
GND-- 


OE-- 
WE-- 
CE 


ADDRESS [== 
INPUTS -- 


OE, CE AND 
WE 
LOGIC 


Absolute 
Maximum 
Ratings* 


Storage Temperature 
-65°C to +150°C 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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of 1/07. Once the end of a write cycle has been detected 
a 
new access for a read or write can begin. 


Atmel's 
28BV256 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 


tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
64 bytes 
of 
EEPROM 
for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
1/00 - 1/07 
t t t t •.' 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


V-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28BV256 
is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their system. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 


or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE, 


whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write 
has been started 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twe, a read operation 
will effectively 
be a polling opera- 
tion. 


PAGE 
WRITE: 
The 
page 
write 
operation 
of 
the 
AT28BV256 
allows 
1 to 64 bytes of data to be written 
into 
the device 
during 
a single 
internal 
programming 
period. 
A 
page write operation 
is initiated 
in the same manner 
as a 
byte write; the first byte written can then be followed 
by 1 to 
63 additional 
bytes. 
Each successive 
byte must be written 
within 
150 ~s (tslcl 
of the previous 
byte. If the tSlC limit is 
exceeded 
the AT28BV256 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page write 
operation 
must 
reside 
on the same 
page as defined 
by the state 
of the A6 - A 14 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A6 - A14 must be the same. 


The AO to A5 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which are specified 
for writing will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA POLLING: 
The AT28BV256 
features 
DATA Polling 
to indicate 
the end of a write cycle. 
During a byte or page 
write cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07. Once 
the write 
cycle 
has been completed, 
true 
data is valid on all outputs, 
and the next write cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28BV256 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
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read 
data 
from 
the 
device 
will 
result 
in 1/06 
toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. Reading 
the 


toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 


vertent 
writes may occur during transitions 
of the host sys- 
tem power 
supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28BV256 
in the follow- 
• 
ing ways: (a) Vce power-on 
delay-once 
Vce has reached 
1.8V (typical) 
the device 
will automatically 
time out 10 ms 
(typical) 
before 
allowing 
a write; 
(b) write 
inhibit-holding 
anyone 
of OE low, 
CE high 
or WE high 
inhibits 
write 
cycles; and (c) noise filter-pulses 
of less than 15 ns (typi- 


cal) on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software-controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28BV256. 
Software 
data protection 
(SDP) helps prevent 
inadvertent 
writes 
from corrupting 
the data in the device. 


SDP can prevent 
inadvertent 
writes 
during 
power-up 
and 
power-down 
as well as any other potential 
periods 
of sys- 
tem instability. 


The AT28BV256 
can only 
be written 
using 
the software 
data protection 
feature. 
A series of three write commands 
to specific 
addresses 
with specific 
data must be presented 
to the device 
before writing 
in the byte or page mode. The 
same three write commands 
must begin each write opera- 
tion. 
All software 
write 
commands 
must 
obey 
the page 
mode 
write 
timing 
specifications. 
The data 
in the 3-byte 
command 
sequence 
is not written 
to the 
device; 
the 
address 
in the command 
sequence 
can be utilized just like 
any other location 
in the device. 


Any 
attempt 
to write 
to the 
device 
without 
the 
3-byte 
sequence 
will start the internal write timers. 
No data will be 
written to the device; 
however, 
for the duration 
of 'wc, read 
operations 
will effectively 
be polling operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising 
A9 to 12V ± 0.5V and using address 
locations 
7FCOH to 7FFFH the additional 
bytes may be written 
to or 


read 
from 
in the same 
manner 
as the 
regular 
memory 
array. 
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AT28BV256-20 
AT28BV256·25 


Operating 
I Com. 
O'C -70'C 
O'C -70'C 


Temperature 
(Case) 
I Ind. 
·40'C 
- 85'C 
-40'C·85'C 


Vee Power Supply 
2.7V - 3.6V 
2.7V - 3.6V 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
V1L 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
V1L 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(l) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
V1L 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
V1L 
VH 


(3) 
VIL 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N=OVtoVee+1V 
10 
IlA 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vee 
10 
J.lA 


I Com. 
20 
IlA 
ISB 
Vee Standby 
Current 
CMOS 
CE = Vee• 
0.3V to Vee + 1V 
I Ind. 
50 
IlA 


Ice 
VeeAetive 
Current 
f = 5 MHz; lOUT= 0 mA 
15 
mA 


VIL 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
10L= 1.6 mA 
0.3 
V 


VOH 
Output 
High Voltage 
10H= -100 IlA 
2.0 
V 


AT28BV256-20 
AT28BV256·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tAcc 
Address 
to Output 
Delay 
200 
250 
ns 


!cE(l) 
CE to Output 
Delay 
200 
250 
ns 


tOE 


(2) 
OE to Output 
Delay 
0 
80 
0 
100 
ns 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
55 
0 
60 
ns 
OF 


tOH 
Output 
Hold from OE, CE or Address, 
whichever 
0 
0 
ns 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE - tOE after the falling 
edge of CE without 
impact 
on tCE or by tAcC - tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from 
OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 
LEVELS 


tR, tF < 20 ns 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOEs 
Address, 
DE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
200 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, DE Hold Time 
0 
ns 


tev 
Time 
to Data Valid 
NR(l) 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle Time 
10 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tDs 
Data Set-up 
Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
200 
ns 


tBLc 
Byte Load Cycle Time 
150 
lls 


tWPH 
Write 
Pulse Width 
High 
100 
ns 


Notes for software 
program 
code: 


1. 
Data Format: 
1/07 - 1/00 (Hex); 


Address 
Format: 
A14 - AO (Hex). 


2. 
Data protect 
state will be re-activated 
at the end of 


program 
cycle. 


3. 
1 to 64 bytes of data are loaded. 


x 
::;= 


/~ 
/~ 


~ 
BYTE 62 
BYTE 63I-- tWc----1 


Notes: 
1. 
AO - A 14 must conform 
to the addressing 
sequence 
for the first three 
bytes as shown 
above. 


2. 
A6 through 
A 14 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE) after the software 


code 
has been entered. 


3. 
OE must be high only when 
WE and CE are both low. 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 
2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


tOH 
Data Hoid Time 
10 
ns 


leEH 
OE Hold Time 
10 
ns 


leE 
OE to Output Delay(2) 
ns 


leEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms 


WE 


Notes: 
1. 
Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 


NORMALIZED 
SUPPLY CURRENT vs. 


TEMPERATURE 


0 
r 
1.0 
m 
a 
I 
0.9 
I 
z 
e 
0.8 


d 


I 
0.7 
• 


C 
C 
0.6 
80 
0 
2 
3 
4 
5 


Frequency (MHz) 


0 
r 
1.2 
m 
a 
I 
1.1 
i 
z 
e 
1.0 


d 


I 
0.9 


C 
C 
0.8 


-40 
·10 
20 
50 


Temperature (C) 


NORMALIZED 
SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


N 
1.50 


o 
r 
m 
1.25 
a 
I 
i 
z 
e 
d 


I 
C 
C 
0.50 
3.00 
3.15 
3.30 
3.45 


Supply Voltage (V) 
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NORMALIZED 
SUPPLY CURRENT vs. 


ADDRESS 
FREQUENCY 
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tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


200 
80 
0.02 
AT28BV256-20JC 
32J 
Commercial 


AT28BV256-20PC 
28P6 
(0° to 70°C) 


AT28BV256-20SC 
28S 


AT28BV256-20TC 
28T 


80 
0.02 
AT28BV256-20JI 
32J 
Industrial 


AT28BV256-20PI 
28P6 
(-40° to 85°C) 


AT28BV256-20SI 
28S 


AT28BV256-20TI 
28T 


250 
80 
0.02 
AT28BV256-25JC 
32J 
Commercial 


AT28BV256-25PC 
28P6 
(0° to 70°C) 


AT28BV256-20SC 
28S 


AT28BV256-25TC 
28T 


80 
0.02 
AT28BV256-25J1 
32J 
Industrial 


AT28BV256-25PI 
28P6 
(-40° to 85°C) 


AT28BV256-20SI 
28S 


AT28BV256-25TI 
28T 


Valid Part Numbers 


The following 
table lists standard 
Atmel products 
that can be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28BV256 
20 
JC, JI, PC, PI, SC, SI, TC, TI 


AT28BV256 
25 
JC, JI, PC, PI, SC, SI, TC, TI 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOl C) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


Features 


• 
2.7V to 3.6V Supply 
- 
Full Read and Write 
Operation 


• 
Low 
Power 
Dissipation 
- 
8 mA Active 
Current 
- 
50 ~A CMOS Standby 
Current 


• 
Read Access 
Time 
- 300 ns 


• 
Byte Write 
- 3 ms 
• 
Direct 
Microprocessor 
Control 


- 
DATA Polling 
- 
READY/BUSY 
Open 
Drain 
Output 


• 
High 
Reliability 
CMOS Technology 


- 
Endurance: 
100,000 
Cycles 


- 
Data Retention: 
10 Years 


• 
JEDEC 
Approved 
Byte-Wide 
Pinout 


• 
Commercial 
and Industrial 
Temperature 
Ranges 


Description 


The AT28BV64 
is a low-voltage, 
low-power 
Electrically 
Erasable 
and Programmable 
Read Only Memory 
specifically 
designed 
for battery 
powered 
applications. 
Its 64K of 


memory 
is organized 
8,192 words 
by 8 bits. Manufactured 
with Atmel's 
advanced 


nonvolatile 
CMOS 
technology, 
the device 
offers access 
times to 200 ns with power 


dissipation 
less than 30 mW. When the device 
is deselected 
the standby 
current 
is 


less than 50 llA. 
(continued) 


Pin Name 
Function 


AO-A12 
Addresses 


CE 
Chip Enable 


OE 
Output 
Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


RDY/BUSY 
Ready/Busy 
Output 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
Top View 
I~ 
~ 
() 
~~lfg~I~~ 


A6 
AS 
AS 
A9 
A4 
All 


A3 
NC 


A2 
DE 


A1 
A1D 


AD 
CE 


NC 
1107 


VOO 
V06 


•.... 
C'II(I)OM",-U') 
~~g;o~~~ 


DE 
All 


A9 
AB 


NC 
WE 


VCC 


ROY/BUSY 
A12 


A7 


A6 


AS 
A4 


A3 


ROYIBUSY 
A12 


A7 


A6 


AS 


A4 


A3 


A2 


Al 


AD 


VOD 
VOl 
V02 


GNO 


PDIP, SOIC 


Top View 


TSOP 
Top View 
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64K (8K X 8) 
Battery-Voltage™. 
Parallel 
EEPROMs 


The AT28BV64 
is accessed 
like a Static RAM for the read 
or write cycles 
without 
the need for external 
components. 


During a byte write, the address 
and data are latched inter- 
nally, freeing 
the microprocessor 
address 
and data bus for 
other operations. 
Following 
the initiation 
of a write 
cycle, 


the device 
will go to a busy state and automatically 
clear 
and write the latched 
data using an internal 
control 
timer. 


The device includes two methods for detecting 
the end of a 
write cycle, level detection 
of RDYIBUSY 
and DATA polling 


VCC- 
GND 
--. 


OE- 
WE- 


CE 


ADDRESS [== 
INPUTS -. 


OE, CE AND 
WE 
LOGIC 


Absolute 
Maximum 
Ratings* 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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of 1/07, 
Once the end of a write cycle has been detected, 
a 
new access for a read or write can begin. 


Atmel's 
28BV64 
has additional 
features 
to ensure 
high 
quality and manufacturability. 
The device 
utilizes error cor- 
rection internally 
for extended 
endurance 
and for improved 
data 
retention 
characteristics. 
An 
extra 
32-bytes 
of 
EEPROM 
are available 
for device identification 
or tracking. 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28BV64 
is accessed 
like a Static 
RAM. 


When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in a high 
impedance 
state whenever 
CE or OE is high. This dual line 


control 
gives designers 
increased 
flexibility 
in preventing 
bus contention. 


BYTE WRITE: 
Writing 
data into the AT28BV64 
is similar 
to writing 
into a Static RAM. A low pulse on the WE or CE 
input with OE high and CE or WE low (respectively) 
ini- 
tiates 
a byte write. The address 
location 
is latched 
on the 
falling 
edge of WE (or CE); the new data is latched 
on the 
rising 
edge. 
Internally, 
the device 
performs 
a self-clear 
before 
write. 
Once 
a byte write 
has been 
started, 
it will 
automatically 
time 
itself to completion. 
Once 
a program- 
ming operation 
has been initiated 
and for the duration 
of 
twc, a read operation 
will effectively 
be a polling operation. 


READY/BUSY: 
Pin 1 is an open drain READYIBUSY 
out- 
put that 
can be used to detect 
the end of a write 
cycle. 
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ROY/BUSY 
is actively 
pulled low during the write cycle and 
is released 
at the completion 
of the write. The open drain 
connection 
allows 
for OR-tying 
of several 
devices 
to the 
same ROY/BUSY 
line. 


DATA 
POLLING: 
The AT28BV64 
provides 
DATA POll- 
ING to signal the completion 
of a write cycle. During a write 


cycle, an attempted 
read of the data being written results in 
the complement 
of that data for 1/07 (the other outputs 
are 
indeterminate). 
When the write cycle is finished, 
true data 
appears 
on all outputs. 


WRITE 
PROTECTION: 
Inadvertent 
writes 
to the device 
are 
protected 
against 
in the 
following 
ways: 
(a) Vcc 


sense-if 
V cc is below 
1.8V (typical) 
the write function 
is 
inhibited; 
(b) Vcc power on delay-once 
Vcc has reached 
2.0V 
the device 
will automatically 
time out 10 ms (typical) 
before allowing 
a byte write; and (c) Write Inhibit-holding 
anyone 
of OE low, CE high or WE high inhibits 
byte write 
cycles. 
• 
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AT28BV64·30 


Operating 
Com. 
O°C -70°C 


Temperature 
(Case) 
Ind. 
-40°C 
- 85°C 


Vee Power Supply 
2.7V to 3.6V 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
VIL 
V1H 
DOUT 


Write(2) 
VIL 
VIH 
V1L 
DIN 


StandbyIWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
V1H 
X 
HighZ 


Notes: 
1. 
X ean be VIL or V1H. 


2. 
Refer to AC Programming 
Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vee + 1.0V 
5 
llA 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vee 
5 
llA 


15B 
Vee Standby 
Current 
CMOS 
CE = Vee• 
0.3V to Vee + 1.0V 
50 
llA 


lee 
VeeAetive 
Current 
AC 
f = 5 MHz; lOUT= 0 mA; CE = V1L 
8 
mA 


V1L 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


IOL= 1 mA 
0.3 
V 
VOL 
Output 
Low Voltage 


IOL= 2 mA for RDY/BUSY 
0.3 
V 


VOH 
Output 
High Voltage 
IOH= ·100 llA 
2.0 
V 


AT28BV64-30 


Symbol 
Parameter 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
300 
ns 


t 
(1) 
CE to Output 
Delay 
300 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
0 
150 
ns 
OE 


t 
OF 
(3)(4) 
CE or OE High to Output 
Float 
0 
60 
ns 


leH 
Output 
Hold from OE, CE or Address, 
whichever 
occurred 
first 
0 
ns 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC. 


2. 
OE may be delayed 
up to leE -leE 
after the falling edge of CE without 
impact 
on leE or by tACC- tOE after an address 
change 
without 
impact 
on tACC. 


3. 
tOF is specified 
from 
OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


DR~~NG 
<vcc - O.3V 


LEVELS 
O.OV 


Vo< 
1.sh 
OUTPlIT 
PIN 


L3K 
l100PF 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


GIN 
4 
6 
pF 
VIN = OV 


GOUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
10 
ns 


tAH 
Address 
Hold Time 
100 
ns 


twP 
Write 
Pulse 
Width 
(WE or eE) 
150 
1000 
ns 


tos 
Data Set-up 
Time 
100 
ns 


tOH' tOEH 
Data, OE Hold Time 
10 
ns 


tOB 
Time to Device 
Busy 
50 
ns 


twc 
Write 
Cycle Time 
3 
ms 


DATA 
IN 


RDYISOS'i' 


CE Controlled 


DE 
tOEH 


tAH 
WE 


CE 


IWP 
IDS 


DATA 
IN 


RDYISOS'i' 
lOB 


tWC 


AC Write Waveforms 


WE Controlled 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 
2. 
See AC Characteristics. 


Data Polling Waveforms 


WE 
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tAcc 
Ice (mA) 
Operating 


(ns) 
Active 
Standby 
Voltage 
Ordering 
Code 
Package 
Operation 
Range 


300 
8 
0.05 
2.lV t03.6V 
AT28BV64-30JC 
32J 
Commercial 


AT28BV64-30PC 
28P6 
(O°C to lO°C) 


AT28BV64-30SC 
28S 


AT28BV64-30SC 
28T 


8 
0.05 
2.lV to 3.6V 
AT28BV64-30JI 
32J 
Industrial 


AT28BV64-30PI 
28P6 
(-40°C 
to 85°C) 


AT28BV64-30SI 
28S 


AT28BV64-30TI 
28T 


Package 
Type 


32J 
32-Lead, 
Plastic 
J·Leaded 
Chip Carrier 
(PLCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOl C) 


28T 
28-Lead, 
Plastic 
Thin Small Outline 
Package 
(TSOP) 


Features 


• Single 3.3V ± 10% Supply 
• 3-Volt Only Read and Write Operation 
• Hardware and Software Data Protection 
• Low Power Dissipation 
- 15 mA Active Current 
- 20 IJACMOS Standby Current 


• Fast Read Access Time - 200 ns 
• Automatic Page Write Operation 


- Internal Address and Data Latches for 64 Bytes 
- Internal Control Timer 


• Fast Write Cycle Times 
- Page Write Cycle Time: 10 ms Maximum 
- 1 to 64 Byte Page Write Operation 


• DATAPolling for End of Write Detection 
• High Reliability CMOS Technology 


- Endurance: 100,000 Cycles 
- Data Retention: 10 Years 


• JEDEC Approved Byte-Wide Pinout 
• Commercial and Industrial Temperature Ranges 


Description 


The AT28BV64B 
is a high-performance 
electrically erasable programmable 
read only 


memory (EEPROM). 
Its 64K of memory is organized as 8,192 words by 8 bits. Manu- 
factured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device 
offers 


access times to 200 ns with power dissipation 
of just 54 mW. When the device is 


deselected, the CMOS standby current is less than 20 IJA. 
(continued) 
Pin Configurations 


Pin Name 
Function 


AO- A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
TopView 


~~~g~B~ 


.t?f'\I 
•.•.~ 
•.•O 


A6 
o ~ M 
M29 
A8 
AS 
28 
A9 


A' 
27 
All 


A3 
26 
NC 


A2 
2S 
0< 
Al 
2. 
Al0 


AO 
23 
cr 


NC 
22 
V07 


VOO 
13~ ~ 
~ 
~ 
~ 
~ 
~21 
V06 


g§~gggg 


Note: 
PLCC packagepins 1 and 17 
are DON'T CONNECT. 


PDIp,SOIC 
TopView 


28 
VCC 


27 
WE 
26 
NC 
25 
AS 


24 
A9 
23 
All 
22 
0< 
21 
A10 


20 
cr 
19 
1/07 


18 
V06 
17 
1105 
16 
1104 
15 
1103 


TSOP 
TopView 
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64K (8K X 8) 
Low-Voltage 
• 
Parallel 
EEPROMs with 
Page Write and 
Software 
Data 


Protection 


The AT28BV64B 
is accessed 
like a static RAM for the read 
or write 
cycle without 
the need for external 
components. 
The device contains 
a 64 byte page register to allow writing 
of up to 64 bytes simultaneously. 
During a write cycle, the 
addresses 
and 1 to 64 bytes of data are internally 
latched, 
freeing the address 
and data bus for other operations. 
Fol- 
lowing the initiation of a write cycle, the device will automat- 
ically write the latched 
data using an internal control 
timer. 


The end of a write cycle can be detected 
by DATA polling of 


Vcc- 
GND- 


OE- 
WE 
cr 


ADDRESS 
[- 
INPUTS - 


Absolute 
Maximum 
Ratings* 


Temperature Under Bias 
·55°C to +125°C 


Storage Temperature 
·65°C to +150°C 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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1/07. Once the end of a write cycle 
has been detected 
a 
new access for a read or write can begin. 


Atmel's 
28LV64B 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
A software 
data protection 
mech- 
anism 
guards 
against 
inadvertent 
writes. 
The device 
also 
includes 
an extra 64 bytes of EEPROM 
for device 
identifi- 
cation or tracking. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28BV64B 
is accessed 
like a static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention 
in their systems. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE, 
whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write has been started, 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE 
WRITE: 
The 
page 
write 
operation 
of 
the 
AT28BV64B 
allows 
1 to 64 bytes of data to be written 
into 
the device 
during 
a single 
internal 
programming 
period. 
A 
page write operation 
is initiated 
in the same 
manner 
as a 
byte write; the first byte written can then be followed 
by 1 to 
63 additional 
bytes. 
Each successive 
byte must be written 
within 
100 ~s (tsLcl of the previous 
byte. If the tSLClimit is 
exceeded, 
the AT28BV64B 
will cease accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page 
write 
operation 
must 
reside 
on the same 
page as defined 
by the state of the A6 to A 12 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A6 to A 12 must be the same. 


The AO to A5 inputs specify which bytes within the page are 
to be written. 
The bytes 
may be loaded 
in any order 
and 
may be altered 
within 
the same 
load period. 
Only bytes 
which are specified 
for writing 
will be written; 
unnecessary 
cycling of other bytes within the page does not occur. 


DATA POLLING: 
The AT28BV64B 
features 
DATA Polling 
to indicate 
the end of a write cycle. 
During a byte or page 
write 
cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07. Once 
the write 
cycle 
has been completed, 
true 
data is valid 
on all outputs, 
and the next write cycle 
may 
begin. 
DATA Polling 
may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling, the AT28BV64B 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
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read 
data 
from 
the 
device 
will 
result 
in 1/06 
toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. 
Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent 
writes may occur during transitions 
of the host sys- 
tem power 
supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28BV64B 
in the follow- 
• 
ing ways: 
(a) Vcc power-on 
delay-once 
Vcc has reached 
1.8V (typical) 
the device will automatically 
time out 10 ms 
(typical) 
before 
allowing 
a write; 
(b) write 
inhibit-holding 
anyone 
of OE low, 
CE high 
or WE high 
inhibits 
write 
cycles; and (c) noise filter-pulses 
of less than 15 ns (typi- 
cal) on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software-controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28BV64B. 
Software 
data protection 
(SDP) helps prevent 
inadvertent 
writes 
from corrupting 
the data in the device. 
SDP can prevent 
inadvertent 
writes 
during 
power-up 
and 
power-down 
as well as any other potential 
periods 
of sys- 
tem instability. 


The A T28BV64B 
can only be written using the software 
data protection 
feature. A series of three write commands 
to specific 
addresses 
with specific 
data must be presented 
to the device 
before writing 
in the byte or page mode. The 
same three write commands 
must begin each write opera- 
tion. 
All software 
write 
commands 
must 
obey 
the page 
mode write 
timing 
specifications. 
The data in the 3-byte 
command 
sequence 
is not written 
to the 
device; 
the 
addresses 
in the command 
sequence 
can be utilized 
just 
like any other location in the device. 


Any 
attempt 
to write 
to the 
device 
without 
the 
3-byte 
sequence 
will start the internal write timers. 
No data will be 
written to the device; 
however, 
for the duration 
of twc, read 
operations 
will effectively 
be polling operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising 
A9 to 12V ± 0.5V and using address 
locations 
7FCOH to 7FFFH, the additional 
bytes may be written to or 
read 
from 
in the same 
manner 
as the 
regular 
memory 
array. 
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AT28BV64B-20 
AT28BV64B-25 


Operating 
I Com. 
O°C -lO°C 
O°C - lO°C 
Temperature 
(Case) 
I Ind. 
-40°C 
- 85°C 
-40°C 
- 85°C 


Vee Power Supply 
3.3V±10% 
3.3V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(l) 
X 
HighZ 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
VIL 
VH(3) 
VIL 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN=OVtoVee+1V 
10 
~A 


ILo 
Output 
Leakage 
Current 
Vvo = OV to Vee 
10 
~A 


CE = Vee - 0.3V to 
I Com. 
20 
~A 


'S8 
Vee Standby 
Current 
CMOS 
Vee + 1V 
I Ind. 
50 
~A 


Ice 
VeeActive 
Current 
f = 5 MHz; lOUT= 0 mA 
15 
mA 


VIL 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 1.6 mA 
0.45 
V 


VOH 
Output 
High Voltage 
IOH= -100~A 
2.0 
V 


AT28BV64B·20 
AT28BV64B·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tAcC 
Address 
to Output 
Delay 
200 
250 
ns 


leE(l) 
CE to Output 
Delay 
200 
250 
ns 


IoE(2) 
OE to Output 
Delay 
0 
80 
0 
100 
ns 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
55 
0 
60 
ns 
OF 


tOH 
Output 
Hold from OE, CE or Address, 
whichever 
0 
0 
ns 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE • tOE after the falling edge of CE without 
impact 
on leE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from 
OE or CE whichever 
occurs 
first (Cl = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 


LEVELS 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


C1N 
4 
6 
pF 
V1N = OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address. 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
100 
ns 


Ics 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
200 
ns 


'os 
Data Set-up 
Time 
100 
ns 


tOH' tOEH 
Data. OE Hold Time 
0 
ns 


tDII 
Time 
to Data Valid 
NR(1) 


tWPH 
Write 
Pulse Width 
High 
100 
ns 


Notes: 
1. 
NR = No Restriction 


2. 
All byte write 
operations 
must be preceded 
by the SDP command 
sequence. 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_IN 
I_DV_=1_tD_S 
ID_H_3----- 


:::::::::::::::::::::::::::tD:::H=3 
_ 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle 
Time 
10 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
100 
ns 


tDS 
Data Set-up 
Time 
100 
ns 


tDH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
200 
ns 


tSLC 
Byte Load Cycle Time 
100 
I.JS 


tWPH 
Write 
Pulse Width 
High 
100 
ns 


LOAD DATAAA 
TO 
ADDRESS 1555 


LOAD DATA 55 
TO 
ADDRESS OAAA 


LOAD DATAAO 
TO 
ADDRESS 1555 


LOAD DATA XX 
TO 
ANY ADDRESS(3) 


LOAD LAST BYTE 
TO 
LAST ADDRESS 
ENTER DATA 
PROTECT STATE 


Notes for software 
program 
code: 


1. 
Data Format: 
1/07 - 1/00 (Hex); Address 
Format: A 12 - AO (Hex). 


2. 
Data protect state will be re-activated 
at the end of the write cycle. 


3. 
1 to 64 bytes of data are loaded. 
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Software Data Protection Write Cycle Waveforms(1)(2)(3) 
DE 
~ 
)//,<-/----------.')/ 
r-- 


,<-----------//' 
/-- 


~--------..,,7/ 
/-- 


~-~ 


BYTE 62 
BYTE 63f-- tWc-----i 


Notes: 
1. 
AO- A12 must conform to the addressing sequence for the first three bytes as shown above. 


2. 
A6 through A12 must specify the same page address during each high to low transition of WE (or CE) after the software 
code has been entered. 


3. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


IoH 
Data Hold Time 
0 
ns 


IaEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100"10 
tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


toEHP 
OE High Pulse 
150 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100% tested. 


2. 
See AC Read Characteristics. 


Notes: 
1. 
Toggling 
either 
OE or CE or both OE and CE will operate 
toggle 
bit. 


2. 
Beginning 
and ending 
state of 1/06 will vary. 


3. 
Any address 
location 
may be used, 
but the address 
should 
not vary. 
• 
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tACC 
Ice (mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


200 
15 
0.05 
AT28BV64B-20JC 
32J 
Commercial 


AT28BV64B-20PC 
28P6 
(O°C to lO°C) 


AT28BV64B-20SC 
28S 


AT28BV64B-20TC 
28T 


15 
0.05 
AT28BV64B-20J 
I 
32J 
Industrial 


AT28BV64B-20PI 
28P6 
(-40°C 
to 85°C) 


AT28BV64B-20SI 
28S 


AT28BV64B-20TI 
28T 


250 
15 
0.05 
AT28BV64B-25JC 
32J 
Commercial 


AT28BV64B-25PC 
28P6 
(O°C to lO°C) 


AT28BV64B-25SC 
28S 


AT28BV64B-25TC 
28T 


15 
0.05 
AT28BV64B-25J 
I 
32J 
Industrial 


AT28BV64B-25PI 
28P6 
(-40°C 
to 85°C) 


AT28BV64B-25SI 
28S 


AT28BV64B-25TI 
28T 


Valid Part Numbers 


The 
following 
table 
lists 
standard 
Atmel 
products 
that 
can 
be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28BV64B 
20 
JC, JI, PC, PI, SC, SI, TC, TI 


AT28BV64B 
25 
JC, JI, PC, PI, SC, 51, TC, TI 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 
I 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


285 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Smail 
Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


• Single 3.3V ± 10% Supply 
• Fast Read Access Time - 200 ns 
• Automatic 
Page Write Operation 
- Internal Address and Data Latches for 128 Bytes 
- Internal Control Timer 
• Fast Write Cycle Time 
- Page Write Cycle Time - 10 ms Maximum 
- 1 to 128-Byte Page Write Operation 
• Low Power Dissipation 


- 15 mA Active Current 
- 20 IJA CMOS Standby Current 
• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 
- Endurance: 
100,OOOKCycles 
- Data Retention: 
10 Years 
• JEDEC Approved 
Byte-Wide Pinout 
• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28L V01 0 is a high-performance 
3-volt only Electrically 
Erasable and Program- 
mable Read Only Memory. 
Its 1 megabit of memory 
is organized 
as 131,072 words by 
8 bits. Manufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device 
offers access times to 200 ns with power dissipation 
of just 54 mW. When the device 
is deselected, 
the CMOS standby 
current is less than 20 IJA. 
(continued) 


Pin Name 
Function 


AO- A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PDIP 


Top View 


NC 
VCC 
All 
A1S 
WE 
A9 


A1S 
NC 
AS 


Al2 
A1' 
Al3 


A7 
A13 
A" 
AS 
AS 
NC 


AS 
AS 
WE 


A4 
All 
VCC 


A3 
CE 
NC 


A2 
A'O 
A'S 


Al 
CE 
A1S 


AO 
V07 
A'2 


voo 
VOS 
A7 


VO' 
VOS 
AS 


V02 
V04 
AS 


GND 
V03 
A4 


PLCC 
Top View 


TSOP 
Top View 
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A1IDEL 
-------® 


1-Megabit 
(128Kx8) 
• 
Low Voltage 
Paged Parallel 
EEPROMs 


The AT2BLV010 
is accessed 
like a Static RAM for the read 
or write 
cycle without 
the need for external 
components. 


The device contains 
a 128-byte 
page register to allow writ- 


ing of up to 128 bytes simultaneously. 
During a write cycle, 
the 
address 
and 
1 to 128 
bytes 
of data 
are internally 
latched, freeing 
the address 
and data bus for other opera- 


tions. Following 
the initiation 
of a write cycle, the device will 
automatically 
write the latched 
data using an internal 
con- 
trol timer. 
The 
end of a write 
cycle 
can be detected 
by 


VCC- 
GND- 


OE- 
W£:.- 


CE 


ADDRESS [== 
INPUTS 


--. 


CE, CE AND 
WE 
LOGIC 


Absolute 
Maximum 
Ratings* 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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DATA 
polling 
of 1107. Once the end of a write 
cycle 
has 


been detected 
a new access for a read or write can begin. 


Atmel's 
28LV010 
has additional 
features 
to ensure 
high 


quality 
and manufacturability. 
The device 
utilizes 
internal 


error correction 
for extended 
endurance 
and improved 
data 


retention 
characteristics. 
Software 
data protection 
is imple- 
mented 
to guard 
against 
inadvertent 
writes. 
The device 


also includes 
an extra 
128 bytes of EEPROM 
for device 
identification 
or tracking. 


DATA INPUTS/OUTPUTS 


1/00 - 1/07 


it! t! 
t t ti 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28LV010 
is accessed 
like a Static 
RAM. 


When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their system. 


WRITE: 
The write operation 
of the AT28LV010 
allows 1 to 


128 bytes of data to be written into the device during a sin- 
gle internal programming 
period. Each write operation 
must 
be preceded 
by the software 
data protection 
(SDP) 
com- 
mand sequence. 
This sequence 
is a series of three unique 


write command 
operations 
that enable the internal write cir- 


cuitry. The command 
sequence 
and the data to be written 
must conform 
to the software 
protected 
write cycle timing. 
Addresses 
are latched 
on the falling 
edge of WE or CE, 
whichever 
occurs 
last and data 
is latched 
on the rising 
edge of WE or CE, whichever 
occurs first. Each successive 
byte must 
be written 
within 
150 ~s (tsLcl of the previous 
byte. If the tSLClimit is exceeded 
the AT28LV010 
will cease 
accepting 
data and commence 
the internal 
programming 
operation. 
If more than one data byte is to be written during 
a single 
programming 
operation, 
they must reside 
on the 
same page as defined 
by the state of the A7 - A16 inputs. 
For each WE high to low transition 
during 
the page write 
operation, 
A7 - A16 must be the same. 


The AO to A6 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which are specified 
for writing 
will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA 
POLLING: 
The AT28LV010 
features 
DATA Polling 
to indicate 
the end of a write cycle. 
During 
a byte or page 
write cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07. Once 
the write 
cycle 
has been completed, 
true 
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data is valid on all outputs, 
and the next write cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28LV010 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in 1/06 toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
• 
vertent writes may occur during transitions 
of the host sys- 
tem power 
supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28LV010 
in the follow- 


ing ways: 
(a) Vcc power-on 
delay-once 
Vcc has reached 
2.0V (typical) 
the device 
will automatically 
time out 5 ms 
(typical) 
before 
allowing 
a write; 
(b) write inhibit-holding 
anyone 
of OE low, 
CE high 
or WE high 
inhibits 
write 
cycles; and (c) noise filter-pulses 
of less than 15 ns (typi- 
cal) on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA 
PROTECTION: 
The 
AT28LV010 
incorporates 
the industry standard 
software 
data protection 
(SOP) function. 
Unlike standard 
5-volt only EEPROM's, 
the 
AT28LV010 
has SOP enabled 
at all times. 
Therefore, 
all 
write operations 
must be preceded 
by the SOP command 
sequence. 


The data in the 3-byte command 
sequence 
is not written to 
the device; 
the addresses 
in the command 
sequence 
can 
be utilized 
just like any other 
location 
in the device. 
Any 
attempt 
to write to the device without 
the 3-byte sequence 
will start the internal 
timers. 
No data will be written 
to the 
device. 
However, 
for the duration 
of twc, read operations 
will effectively 
be polling operations. 
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AT28LV010-20 
AT28LV010·25 


Operating 
I Com. 
ODC-lODC 
ODC-lODC 


Temperature 
(Case) 
I Ind. 
-40DC - 85DC 
-40DC - 85DC 


Vee Power 
Supply 
3.3V±5% 
3.3V± 
10% 


Mode 
CE 
OE 
WE 
UO 


Read 
V'L 
V'L 
V'H 
DOUT 


Write(2) 
V'L 
V'H 
V'L 
D'N 


StandbylWrite 
Inhibit 
V'H 
X(1) 
X 
HighZ 


Write 
Inhibit 
X 
X 
V,H 


Write 
Inhibit 
X 
V,L 
X 


Output 
Disable 
X 
V'H 
X 
High Z 


Notes: 
1. 
X can be V'L or V,H. 


2. 
ReIer to AC Programming 
Wavelorms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V,N = OV to Vee 
1 
llA 


ILO 
Output 
Leakage 
Current 
Vuo = OV to Vee 
1 
llA 
I Com. 
20 
llA 
ISB 
Vee Standby 
Current 
CMOS 
CE = Vee - 0.3V to Vee + 1V 
I Ind. 
50 
llA 


Ice 
VeeAetive 
Current 
1=5 
MHz; 
lOUT= 0 mA; Vee = 3.6V 
15 
mA 


V,L 
Input Low Voltage 
0.8 
V 


V,H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 1.6 mA; Vee = 3.0V 
0.45 
V 


VOH 
Output 
High Voltage 
IOH= -100 llA; Vee = 3.0V 
2.4 
V 


AT28LV010-20 
AT28LV010-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
200 
250 
ns 


t 
(1) 
CE to Output 
Delay 
200 
250 
ns 
CE 


toE(2) 
OE to Output 
Delay 
0 
80 
0 
100 
ns 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
55 
0 
60 
ns 
OF 


toH 
Output 
Hold from OE, CE or Address, 
whichever 
0 
0 
ns 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to icE -toE after the falling 
edge of CE without 
impact 
on tCEor by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 
LEVELS 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
100 
ns 


lcs 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
200 
ns 


tos 
Data Set-up 
Time 
100 
ns 


tOH' tOEH 
Data, OE Hold Time 
10 
ns 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_I_N 
<E=tD=S========tD=H=3~ 
_ 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle Time 
10 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
100 
ns 


tDS 
Data Set-up 
Time 
100 
ns 


tDH 
Data Hold Time 
10 
ns 


twP 
Write 
Pulse Width 
200 
ns 


tSlC 
Byte Load Cycle Time 
150 
~s 


tWPH 
Write 
Pulse Width 
High 
100 
ns 


1. 
Data Format: 
1/07 - 1100 (Hex); 


Address 
Format: 
A14 - AO (Hex). 


2. 
Data protect 
state will be re-activated 
at the end of 
program 
cycle. 


3. 
1 to 128 bytes of data are loaded. 


OE 
~ 


CE 


WE 


AO-A6 


5555 
2AAA 
5555 


A7-A16 


DATA 


/r- 


" 
/r- 


:: 
~ 


BYTE 
0 
BYTE 126 
BYTE 127I-- tWe -----l 


Notes: 
1. 
AO - A 14 must conform 
to the addressing 
sequence 
for the first three 
bytes as shown 
above. 


2. 
After the command 
sequence 
has been issued 
and a page write operation 
follows. 
the page address 
inputs 
(A7 - A 16) must 


be the same for each high to low transition 
of WE (or CE). 


3. 
OE must be high only when 
WE and CE are both low. 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output DelaY'2) 
ns 


IoEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics 


Toggle Bit Waveforms 


WE 


Notes: 
1. 
Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 


tAcc 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


200 
15 
0.02 
AT28LV010-20JC 
32J 
Commercial 


AT28LV010-20PC 
32P6 
(0° to 70°C) 


AT28LV010-20TC 
32T 


15 
0.02 
AT28LV010-20JI 
32J 
Industrial 


AT28LV010-20PI 
32P6 
(-40° to 85°C) 


AT28LV010-20TI 
32T 


250 
15 
0.02 
AT28LV010-25JC 
32J 
Commercial 


AT28LV010-25PC 
32P6 
(0° to 70°C) 


AT28LV010-25TC 
32T 


15 
0.02 
AT28LV010-25J1 
32J 
Industrial 


AT28LV010-25PI 
32P6 
(.40° to 85°C) 


AT28LV010-25TI 
32T 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28LV010 
20 
JC, JI, PC, PI, TC, TI 


AT28LV010 
25 
JC, JI, PC, PI, TC, TI 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


32P6 
32-Lead, 
0.600· 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


32T 
32-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 
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• Fast Read Access Time -150 ns 
• Fast Byte Write - 200 ~s or 1 ms 
• Self-Timed Byte Write Cycle 


- Internal Address and Data Latches 
- Internal Control Timer 
- Automatic Clear Before Write 


• Direct Microprocessor Control 


- DATAPOLLING 
• Low Power 
- 30 mA Active Current 
- 100 ~A CMOS Standby Current 
• High Reliability 
- Endurance: 104 or 10sCycles 
- Data Retention: 10 Years 


• 5V ± 10"10Supply 
• CMOS & TTL Compatible Inputs and Outputs 
• JEDEC Approved Byte Wide Pinout 
• Commercial and Industrial Temperature Ranges 


Description 


The AT28C16 
is a low-power, 
high-performance 
Electrically 
Erasable and Program- 


mable Read Only Memory with easy to use features. The AT28C16 is a 16K memory 
organized as 2,048 words by 8 bits. The device is manufactured with Atmel's reliable 
nonvolatile CMOS technology. 
(continued) 


Pin Name 
Function 


AO- A10 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
PDIp,SOIC 


TopView 
TopView 


~~~g~I~~ 
A7 
24 
VCC 


A6 
23 
A8 


A6 
A8 
AS 
22 
A9 


AS 
A9 
A4 
21 
\YO 


A4 
NC 
A3 
20 
6E 


A3 
NC 
A2 
19 
Al0 


A2 
6E 
A1 
18 
CE 


AI 
A10 
AO 
17 
V07 


AO 
CE 
VOO 
16 
V06 


NC 
V07 
VOl 
15 
VOS 


VOO 
V06 
V02 
14 
V04 


GND 
13 
V03 


~~~8~~~ 


Note: PLCC packagepins 1 and 17 
are DON'T CONNECT. 
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A1IDEL 
______ 
r® 


16K (2K X 8) 
Parallel 
EEPROMs • 


The AT28C16 
is accessed 
like a static RAM for the read or 


write cycles without the need of external 
components. 
Dur- 


ing a byte write, 
the address 
and data are latched 
inter- 
nally, freeing 
the microprocessor 
address 
and data bus for 


other 
operations. 
Following 
the initiation 
of a write 
cycle, 
the device 
will go to a busy state and automatically 
clear 


and write the latched 
data using an internal 
control 
timer. 
The 
end 
of a write 
cycle 
can be determined 
by DATA 


POLLING 
of 1/07. Once the end of a write cycle 
has been 


detected, 
a new access for a read or a write can begin. 


VCC_ 


GND- 


OE- 
WE 
--~ 
CE 


ADDRESS [=: 
INPUTS - 


OE, 
CE AND 
WE 
LOGIC 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
·O.6Vto +13.5V 


AlmEl 


The CMOS technology 
offers fast access times of 150 ns at 


low power 
dissipation. 
When 
the chip 
is deselected 
the 


standby 
current is less than 100 1lA. 


Atmel's 
28C16 has additional 
features 
to ensure high qual- 
ity and manufacturability. 
The device 
utilizes 
error correc- 


tion internally 
for extended 
endurance 
and for improved 


data 
retention 
characteristics. 
An extra 
32 bytes 
of 


EEPROM 
are available 
for device identification 
or tracking. 


DATA LATCH 


INPUTIOUTPUT 


BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C16 
is accessed 
like 
a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in a high 
impedance 
state whenever 
CE or OE is high. This dual line 
control 
gives designers 
increased 
flexibility 
in preventing 
bus contention. 


BYTE WRITE: 
Writing 
data into the AT28C16 
is similar to 
writing 
into a Static 
RAM. 
A low pulse 
on the WE or CE 


input 
with OE high and CE or WE low (respectively) 
ini- 
tiates a byte write. The address 
location 
is latched 
on the 
last falling 
edge of WE (or CE); the new data is latched 
on 
the first rising edge. Internally, 
the device 
performs 
a self- 
clear before 
write. 
Once a byte write 
has been started, 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling 
opera- 
tion. 


FAST BYTE WRITE: 
The AT28C16E 
offers 
a byte write 
time 
of 200 ~s maximum. 
This feature 
allows 
the entire 
device to be rewritten 
in 0.4 seconds. 


DATA POLLING: 
The AT28C16 
provides 
DATA POLLING 
to signal 
the completion 
of a write 
cycle. 
During 
a write 
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cycle, an attempted 
read of the data being written results in 
the complement 
of that data for 1/07 (the other outputs 
are 
indeterminate). 
When the write cycle is finished, 
true data 
appears 
on all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes 
to the device 
are 
protected 
against 
in the 
following 
ways: 
(a) V cc 


sense-if 
V cc is below 3.8V (typical) 
the write function 
is 
inhibited; 
(b) Vcc power on delay-once 
Vcc has reached 
3.8V the device 
will automatically 
time out 5 ms (typical) 


before allowing 
a byte write; and (c) write inhibit-holding 
anyone 
of OE low, CE high or WE high inhibits 
byte write 
• 
cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 
AT28C16 
may be set to the high state by the CHIP CLEAR 
operation. 
By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 


DEVICE 
IDENTIFICATION: 
An 
extra 
32 
bytes 
of 


EEPROM 
memory 
are available 
to the user for device iden- 
tification. 
By raising 
A9 to 12 ± 0.5V and using 
address 


locations 7EOH to 7FFH the additional 
bytes may be written 
to or read from in the same manner as the regular memory 
array. 
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AT28C16·15 


Operating 
I Com. 
O°C -lO°C 


Temperature 
(Case) 
!Ind. 
-40°C 
- 85°C 


Vcc Power Supply 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
VIL 
VIH 
DOUT 


Write(2) 
V1L 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
VIL 
V 
(3) 
V1L 
High Z 
H 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN=OVtoVcc+1V 
10 
~A 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
~A 


1561 
Vcc Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1.0V 
100 
~A 


Com. 
2 
mA 


1562 
Vcc Standby 
Current 
TIL 
CE = 2.0V to Vcc + 1.0V 
Ind. 
3 
mA 


f = 5 MHz; lOUT= 0 mA 
Com. 
30 
mA 
Ice 
VccActive 
Current 
AC 
CE= 
VIL 
Ind. 
45 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
.4 
V 


VOH 
Output 
High Voltage 
IOH= -400 ~A 
2.4 
V 


AT28C16·15 
. 


Symbol 
Parameter 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
ns 


t 
(1) 
CE to Output 
Delay 
150 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
10 
70 
ns 
OE 


t 
(3)(4) 
CE or OE High to Output 
Float 
0 
50 
ns 
OF 


tOH 
Output 
Hold from OE, CE or Address, 
whichever 
occurred 
first 
0 
ns 


Notes: 
1. 
CE may be delayed 
up to tAcc - tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to leE -leE 
after the falling 
edge of CE without 
impact 
on leE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
first (Cl = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.0V 


AC < 
DRIVING 


LEVELS 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tAS' tOES 
Address. 
OE Set-up 
Time 
10 
ns 


tAH 
Address 
Hold Time 
50 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
1000 
ns 


tDs 
Data Set-up 
Time 
50 
ns 


tDH, tOEH 
Data, 
OE Hold Time 
10 
ns 


tcs• tCH 
CE to WE and WE tD CE Set-up 
and HDld Time 
0 
ns 


I AT28C16 
0.5 
1.0 
ms 


twc 
Write 
Cycle Time 
I AT28C16E 
100 
200 
liS 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


leEH 
OE Hold Time 
10 
ns 


leE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Characteristics. 


Data Polling Waveforms 


WE 


AO· A10 
An_X 
An 
X 
An 
;: 


VIH 


CE 


VIL 


VH 


DE 


VIH 


VIH 


WE 
VIL 


ts = tH = 1 ~sec (min.) 
tw = 10 msec (min.) 


VH = 12.0V ± O.SV 
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NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 
N 
1.3 


o 


r 
1.2 
m 
a 
I 
1.1 
i 
z 
e 
1.0 


d 


I 
0.9 


C 
C 0.8 


·55 
5 
35 
65 
Temperature 
(C) 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 
ADDRESS FREQUENCY 
N 
1.1 


o 


r 
1.0 
m 
a 
I 
0.9 


I 
z 
e 
0.8 


d 


I 
0.7 


C 
C 0.6 
o 
2 
3 
Frequency 
(MHz) 


OUTPUT 
SINK CURRENT 
vs. 
OUTPUT VOLTAGE 


u 
t 
50 
P 
u 40 
t 


C 30 


u 
, 
20 
, 
e 
10 
n 


t 
0 
o 
2 
3 


Output 
Voltage 
(V) 
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o, 
m 
1.2 
a 
I 
i 
1.0 
z 
e 
d 


I 
C 
C 0.6 
4.50 


N 1.25 
o, 


m 1.20 
a 
Ii 
1.15 


z 
e 1.10 
d 


t 
1.05 
A 
C 
C 1.00 
100 


040 


u 
t 
P 
30 


C 20 


u, 
, 
10 
e 
n 


t 
0 
o 


NORMALIZED 
SUPPLY 
CURRENT 
vs. 


SUPPLY VOLTAGE 


4.75 
5.00 
5.25 
Supply 
Voltage 
(V) 


NORMALIZED 
ACCESS 
TIME vs. 


OUTPUT 
LOAD 


200 
300 
Output 
Load (pF) 


OUTPUT 
SOURCE 
CURRENT 
vs. 


OUTPUT 
VOLTAGE 


Vcc= 
5V 


T= 
25C 


234 


Output 
Voltage 
(V) 


tAcc 
'cc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


150 
30 
0.1 
AT28C16(E)-15JC 
32J 
Commercial 


AT28C16(E)-15PC 
24P6 
(O°C to 70°C) 


AT28C16(E)-15SC 
24S 


45 
0.1 
AT28C 16(E)-15J 
I 
32J 
Industrial 


AT28C16(E)-15PI 
24P6 
(-40°C 
to 85°C) 


AT28C16(E)-15SI 
24S 


Notes: 
1. 
See Valid Part Numbers 
table below. 


2. 
The 28C16 
200 ns and 250 ns speed 
selections 
have been removed 
from valid selections 
table and are replaced 
by the 


faster 
150 ns TAA offering. 


3. 
The 28C16 
ceramic 
package 
offerings 
have been removed. 
New designs 
should 
utilize the 28C256 
ceramic 
offerings. • 
Valid Part Numbers 


The 
following 
table 
lists 
standard 
Atmel 
products 
that 
can 
be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28C16 
15 
JC, JI, PC, PI, SC, SI 


AT28C16E 
15 
JC, JI, PC, PI, SC, SI 


AT28C16 
W 


Package 
Type 


32J 
32 Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


24P6 
24 Lead, 0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


24S 
24 Lead, 0.300" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write 
Time = 1 ms 


E 
High 
Endurance 
Option: 
Endurance 
= 1OOK Write 
Cycles; 
Write 
Time = 200 
~s 
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------- 
151WIY 


• Ideal Rewritable Attribute 
Memory 


• Simple Write Operation 
- Self-Timed Byte Writes 
- On-chip Address and Data Latch for SRAM-like Write Operation 
- Fast Write Cycle Time - 1 ms 
- 5-Volt Only Nonvolatile Writes 


• End of Write Detection 
- ROY/BUSY Output 
- DATA Polling 
• High Reliability 
- Endurance: 
100,000 Write Cycles 


- Data Retention: 
10 Years Minimum 


• Single 5-Volt Supply for Read and Write 
• Very Low Power 
- 30 mA Active Current 
- 100 IJA Standby Current 


Description 


The AT28C16-T 
is the ideal nonvolatile 
attribute 
memory: 
it is a low power, 5-volt only 


byte writable 
nonvolatile 
memory 
(EEPROM). 
Standby 
current 
is typically 
less than 


100 llA. The AT28C16-T 
is written 
like a Static 
RAM, eliminating 
complex 
program- 
ming algorithms. 
The fast write cycle times of 1 ms, allow quick card reconfiguration 


in-system. 
Data retention 
is specified 
as 10 years minimum, 
precluding 
the necessity 


for batteries. 
Three 
access 
times 
have been specified 
to allow for varying 
layers of 


buffering 
between 
the memory 
and the PCMCIA 
interface. 


The AT28C16-T 
is accessed 
like a Static RAM for read and write operations. 
During a 
byte write, the address 
and data are latched 
internally. 
Following 
the initiation 
of a 
write cycle, the device will go to a busy state and automatically 
write the latched data 


using an internal control timer. The device provides 
two methods for detecting 
the end 


of a write cycle; the RDYIBUSY 
output and DATA POLLING 
of 1/07, 


Pin Name 
Function 


AO- A10 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


ROY/BUSY 
Ready/Busy Output 


NC 
No Connect 


i5E 


NC 


A9 


AS 


NC 
WE 


VCC 


ROY/BUSY 


NC 


A7 


A6 
AS 


A4 


A3 


TSOP 
Top View 
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AlmEL 
-------(@ 


16K (2K X 8) 
PCMCIA 
Nonvolatile 
Attribute 
Memory 
• 


VCC_ 
GND- 


OE- 
WE- 


CE 


ADDRESS [== 
INPUTS - 


DE, CE AND 
WE 
LOGIC 


All Input Voltages 
(including 
NC Pins) 
with Respect 
to Ground 
-O.6V to +6.25V 


All Output 
Voltages 
with Respect 
to Ground 
-O.6V to Vcc + O.6V 


Voltage 
on OE and A9 
with Respect 
to Ground 
-O.6V to +13.5V 


AlmEL 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


V-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses 
beyond 
those 
listed 
under 
"Absolute 
Maximum 
Ratings' 
may cause 
permanent 
dam- 
age to the device. 
This is a stress 
rating only and 
functional 
operation 
of the device 
at these 
or any 
other 
conditions 
beyond 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for ex1ended 
periods 
may affect 
device 
reliability 


Device Operation 


READ: 
The AT28C16-T 
is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the 
outputs. 
The 
outputs 
are 
put 
in a 
high impedance 
state 
whenever 
CE or OE is high. 
This 
dual-line 
control gives designers 
increased 
flexibility 
in pre- 
venting 
bus contention. 


BYTE WRITE: 
Writing 
data into the AT28C16-T 
is similar 


to writing into a Static RAM. A low pulse on WE or CE input 
with OE high and CE or WE low (respectively) 
initiates 
a 
byte write. The address 
is latched on the falling edge of WE 
or CE (whichever 
occurs 
last) and the data is latched 
on 
the rising edge of WE or CE (whichever 
occurs first). Once 
a byte write is started 
it will automatically 
time itself to com- 
pletion. 
For the AT28C16-T 
the write 
cycle 
time 
is 1 ms 
maximum. 
Once a programming 
operation 
has been initi- 
ated and for the duration 
of twe, a read operation 
will effec- 
tively be a polling operation. 


READY/BUSY: 
Pin 1 is an open drain READY/BUSY 
out- 
put that indicates 
the current 
status of the self-timed 
inter- 
nal write cycle. 
READY/BUSY 
is actively 
pulled low during 
the write 
cycle 
and is released 
at the completion 
of the 
write. 
The open 
drain 
output 
allows 
OR-tying 
of several 
devices to a common 
interrupt 
input. 
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DATA 
POLLING: 
The AT28C16-T 
also 
provides 
DATA 
polling 
to signal 
the completion 
of a write cycle. 
During 
a 
write 
cycle, 
an attempted 
read of the data 
being 
written 
results 
in the complement 
of that data for 1/07 (the other 
outputs 
are indeterminate). 
When 
the write 
cycle 
is fin- 
ished, true data appears 
on all outputs. 


WRITE PROTECTION: 
Inadvertent 
writes to the device are 
protected 
against 
in the following 
ways: (a) Vcc sense-if 
Vcc is below 3.8V (typical) the write function 
is inhibited; 
(b) 


Vcc power 
on delay-once 
V cc has reached 
3.8V 
the 
device 
will automatically 
time 
out 5 ms (typical) 
before 
• 
allowing 
a byte write; and (c) write inhibit-holding 
anyone 
of OE low, CE high or WE high inhibits byte write cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 
AT28C16-T 
may be set to the high state by the Chip Clear 
operation. 
By setting 
CE low and OE to 12V, the chip is 
cleared when a 10 ms low pulse is applied to WE. 


DEVICE 
IDENTIFICATION: 
An extra 32 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising A9 to 12V (± O.5V) and using address 
locations 
7EOH to 7FFH 
the additional 
bytes 
may be written 
to or 
read from 
in the same 
manner 
as the 
regular 
memory 
array. 
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AT28C16·15T 


Operating 
I Com. 
O°C - lO°C 


Temperature 
(Case) 
I Ind. 
-40°C 
- 85'C 


Vcc Power Supply 
5V± 
10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
V1L 
V1L 
V1H 
DOUT 


Write(2) 
V1L 
V1H 
V1L 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(l) 
X 
High Z 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
V,L 
X 


Output 
Disable 
X 
V1H 
X 
High Z 


Chip Erase 
V1L 
VH(3) 
V1L 
HighZ 


Notes: 
1. 
X can be V1Lor V1H. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vcc + 1V 
10 
IlA 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
IlA 


IS81 
Vcc Standby 
Current 
CMOS 
CE = Vcc• 
0.3V to Vcc + 1.0V 
100 
IlA 


Com. 
2 
mA 
IS82 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1.0V 
Ind. 
3 
mA 


Com. 
30 
mA 
Icc 
V cc Active 
Current 
f = 5 MHz; lOUT= 0 mA 
Ind. 
45 
mA 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= -400 IlA 
2.4 
V 


PCMCIA 
Atmel 
AT28C16-15T 


Symbol 
Symbol 
Parameter 
Min 
Max 
Units 


tc (R) 
tRC 
Read Cycle Time 
150 
ns 


tA (A) 
tAcc 
Address 
Access 
Time 
150 
ns 


tA (CE) 
t 
(1) 
CE Access 
Time 
150 
ns 
CE 


tA(OE) 
t 
(2) 
OE Access 
Time 
0 
75 
ns 
OE 


tEN (CE) 
tlz(4) 
Output 
Enable 
Time 
From CE 
0 
ns 


tEN (OE) 
t 
(4) 
Output 
Enable 
Time 
From OE 
0 
ns 
OLZ 


tv (A) 
tOH 
Output 
Hold Time 
0 
ns 


tOIS(CE) 
tOF 
(3)(4) 
Output 
Disable 
Time 
From CE 
0 
50 
ns 


tOIS(OE) 
tOF 


(3)(4) 
Output 
Disable 
Time 
From OE 
0 
50 
ns 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to icE -icE 
after the falling 
edge of CE without 
impact 
on icE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
first (Cl = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% 
tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.DV 
1.a!l 
OUTPUT 
PIN 


1.3K 
~ 
100pF 


AC < 
DRIVING 
LEVELS 


tR, tF < 5 ns 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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AlmEL 


PCMCIA 
Atmel 


Symbol 
Symbol 
Parameter 
Min 
Max 
Units 


tsu (A) 
tAS 
Address 
Setup Time 
10 
ns 


tsu (OE-WE) 
toES 
Output 
Disable 
Time To WE 
10 
ns 


tsu (CE-WE) 
tcs 
Chip Enable 
Time To WE 
0 
ns 


tw(WE) 
twP 
Write 
Enable 
Pulse Width 
100 
1000 
ns 


tsu (D-WEH) 
tos 
Data Setup To WE High 
50 
ns 


tH (A) 
tAH 
Address 
Hold Time 
From WE 
50 
ns 


tH (D) 
tOH 
Data Hold Time 
From WE High 
10 
ns 


tH (OE-WE) 
tOEH 
Output 
Enable 
Hold Time 
From WE High 
10 
ns 


tH (CE-WE) 
leH 
Chip Enable 
Hold Time 
From WE High 
0 
ns 


tD (B) 
tDB 
Delay 
From WE High To BUSY Asserted 
50 
ns 


Ie (W) 
twc 
Write 
Cycle Time 
1 
ms 


tH (A) 


tsu (CE-WE) 
tH (CE-WE) 


F 


Chip Erase Waveforms 


VIH 


CE 


VIL 


VH 


DE 


VIH 


VIH 


WE 
VIL 


Is = IH = 1 l1sec (min.) 


Iw = 10 msec 
(min.) 
VH=12.0±0.5V 
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IACC 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


150 
30 
0.1 
AT28C16-15TC 
28T 
Commercial 
(O°Cto 70°C) 


45 
0.1 
AT28C16-15TI 
28T 
Industrial 
(-40°C to 85°C) 


Notes: 
1. See Valid Part Numbers table below. 


2. The 28C16 200 ns and 250 ns speed selections have been removed from valid selections table and are replaced by the 
faster 150 ns TAA offering. 


Valid Part Numbers 


The following 
table lists standard 
Atmel products that can be ordered. 


Package Type 


28-Lead, Plastic Thin Small Outline Package (TSOP) 


• Fast Read Access Time -150 ns 
• Fast Byte Write - 200 IJs or 1 ms 
• Self-Timed Byte Write Cycle 


- Internal Address and Data Latches 
- Internal Control Timer 
- Automatic 
Clear Before Write 


• Direct Microprocessor 
Control 
- DATA POLLING 
- READY/BUSY Open Drain Output 


• Low Power 
- 30 mA Active Current 
- 100 lJa CMOS Standby Current 


• High Reliability 
- Endurance: 
104 or 105 Cycles 


- Data Retention: 
10 Years 


• 5V ± 10% Supply 
• CMOS & TTL Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte Wide Pinout 


• Commercial 
and Industrial Temperature Ranges 


Description 


The AT28C17 
is a low-power, 
high-performance 
Electrically 
Erasable 
and Program- 


mable Read Only Memory 
with easy to use features. 
The AT28C17 
is a 16K memory 


organized 
as 2,048 words by 8 bits. The device 
is manufactured 
with Atmel's 
reliable 


nonvolatile 
CMOS technology. 
(continued) 


Pin Name 
Function 


AD - A10 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


RDY/BUSY 
Ready/Busy Output 


NC 
No Connect 


DC 
Don't Connect 


PDIP,SOIC 
Top View 


ROYIBUSY 
vcc 
NC 
WE 


A7 
NC 


A6 
AS 


AS 
A9 
A4 
NC 
A3 
OE 


A2 
Al0 
Al 
CE 


AO 
U07 
1/00 
1/06 
1/01 
1105 


1/02 
1/04 


GND 
U03 


PLCC 
Top View 


PLCC package pins 1 and 17 are 
DON'T CONNECT. 
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16K (2K X 8) 


Parallel 
• 
EEPROMs 


The AT28C17 
is accessed 
like a static RAM for the read or 
write cycles without the need of external 
components. 
Dur- 
ing a byte write, 
the address 
and data are latched 
inter- 
nally, freeing 
the microprocessor 
address 
and data bus for 
other operations. 
Following 
the initiation 
of a write 
cycle, 
the device 
will go to a busy state and automatically 
clear 
and write the latched 
data using an internal 
control 
timer. 
The device includes two methods for detecting 
the end of a 
write cycle, level detection 
of ROY/BUSY 
and DATA POLL- 
ING 
of 1/07, 
Once 
the 
end 
of a write 
cycle 
has 
been 
detected, 
a new access for a read or a write can begin. 


VCC_ 


GND- 


OE~ 
WE- 


CE 


ADDRESS [== 
INPUTS - 


OE, 
CE AND 
WE 
LOGIC 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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The CMOS technology 
offers fast access times of 150 ns at 
low power 
dissipation. 
When 
the chip 
is deselected 
the 
standby current is less than 100 ~A. 


Atmel's 28C17 has additional 
features 
to ensure high qual- 
ity and manufacturability. 
The device 
utilizes 
error correc- 
tion internally 
for extended 
endurance 
and for improved 
data 
retention 
characteristics. 
An extra 
32 bytes 
of 
EEPROM 
are available 
for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
1/00 • 1/07 
• t t t t t t' 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C17 
is accessed 
like 
a Static 
RAM. 


When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 


asserted 
on the outputs. 
The outputs 
are put in a high 


impedance 
state whenever 
CE or OE is high. This dual line 


control 
gives designers 
increased 
flexibility 
in preventing 


bus contention. 


BYTE WRITE: 
Writing 
data into the AT28C17 
is similar to 


writing 
into a Static 
RAM. A low pulse 
on the WE or CE 


input 
with OE high and CE or WE low (respectively) 
ini- 
tiates a byte write. The address 
location 
is latched 
on the 


last falling edge of WE (or CE); the new data is latched on 
the first rising edge. Internally, 
the device 
performs 
a self- 


clear 
before 
write. 
Once a byte write 
has been started, 
it 


will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling opera- 
tion. 


FAST 
BYTE WRITE: 
The AT28C17E 
offers 
a byte write 


time of 200 ~s maximum. 
This feature 
allows 
the entire 


device to be rewritten 
in 0.4 seconds. 


READY/BUSY: 
Pin 1 is an open drain READY/BUSY 
out- 


put that 
can be used to detect 
the end of a write 
cycle. 


ROY/BUSY 
is actively 
pulled low during the write cycle and 


is released 
at the completion 
of the write. The open drain 
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connection 
allows 
for OR-tying 
of several 
devices 
to the 


same RDYIBUSY 
line. 


DATA POLLING: 
The AT28C17 
provides 
DATA POLLING 


to signal 
the completion 
of a write 
cycle. 
During 
a write 


cycle, an attempted 
read of the data being written results in 


the complement 
of that data for 1/07 (the other outputs 
are 


indeterminate). 
When the write cycle is finished, 
true data 


appears 
on all outputs. 


WRITE 
PROTECTION: 
Inadvertent 
writes 
to the device 


are 
protected 
against 
in the 
following 
ways: 
(a) V cc 


sense-if 
V cc is below 3.8V (typical) 
the write function 
is 
~ 
inhibited; 
(b) Vcc power 
on delay 
once Vcc has reached 
••• 
3.8V the device 
will automatically 
time out 5 ms (typical) 


before allowing 
a byte write; and (c) write inhibit-holding 


anyone 
of OE low, CE high or WE high inhibits 
byte write 


cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 


AT28C17 
may be set to the high state by the CHIP CLEAR 


operation. 
By setting CE low and OE to 12 volts~ 
chip is 


cleared when a 10 msec low pulse is applied to WE. 


DEVICE 
IDENTIFICATION: 
An 
extra 
32 
bytes 
of 


EEPROM 
memory are available 
to the user for device iden- 


tification. 
By raising 
A9 to 12 ± 0.5V 
and using 
address 


locations 7EOH to 7FFH the additional 
bytes may be written 


to or read from in the same manner as the regular memory 
array. 
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AT28C17-15 


Operating 
I Com. 
O·C -lO·C 


Temperature 
(Case) 
I Ind. 
-40·C 
- 85·C 


Vcc Power Supply 
5V± 
10"10 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
V1L 
V1H 
DOUT 


Write(2) 
V1L 
V1H 
VIL 
DIN 


Standby/Write 
Inhibit 
V1H 
Xl') 
X 
HighZ 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
V1L 
X 


Output 
Disable 
X 
V1H 
X 
HighZ 


Chip Erase 
V1L 
VH(3) 
VIL 
HighZ 


Notes: 
1. 
X can be V1Lor V1H. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vcc + 1V 
10 
~A 


ILO 
Output 
Leakage 
Current 
Vuo = OV to Vcc 
10 
~A 


1561 
Vcc Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1.0V 
100 
~ 


Com. 
2 
mA 
1562 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1.0V 
mA 
Ind. 
3 


f = 5 MHz; 
lOUT= 0 mA 
Com. 
30 
mA 
Icc 
Vcc Active 
Current 
AC 
CE = V1L 
45 
mA 
Ind. 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
.4 
V 
= 4.0 for RDY/BUSY 


VOH 
Output 
High Voltage 
10H= -400 ~A 
2.4 
V 


- 


AT28C17-15 


Symbol 
Parameter 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
ns 


t 
(1) 
CE to Output 
Delay 
150 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
10 
70 
ns 
OE 
t 
(3)(4) 
CE or OE High to Output 
Float 
0 
50 
ns 
OF 


tOH 
Output 
Hold from OE. CE or Address. 
whichever 
occurred 
first 
0 
ns 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to icE -icE 
after the falling 
edge of CE without 
impact 
on icE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.0V 


< 


3.0V 


AC 
DRIVING 
LEVELS 
O.OV 
tA• tF < 20 ns 


AC 


MEASUREMENT 
LEVEL 


Pin Capacitance 


f = 1 MHz. T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


Cour 
8 
12 
pF 
Vour= 
OV 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
10 
ns 


tAH 
Address 
Hold Time 
50 
ns 


twP 
Wrile 
Pulse Width 
(WE or CE) 
100 
1000 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data. OE Hold Time 
10 
ns 


tcs• tCH 
CE to WE and WE to CE Set-up 
and Hold Time 
0 
ns 


tOB 
Time 
to Device 
Busy 
50 
ns 
I AT28C17 
0.5 
1.0 
ms 


twc 
Write 
Cycle 
Time 
I AT28C17E 
100 
200 
~s 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


IDH 
Data Hold Time 
10 
ns 


IoEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Noles: 
1. 
These 
parameters 
are characterized 
and not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


AO-A10 
A_n_X 
An 
X 
An 
;: 


Chip Erase Waveforms 


VIH 


CE 


VIL 


VH 


OE 


VIH 


VIH 


WE 
VIL 


ts = tH = 1 ~sec (min.) 


tw = 10 msec 
(min.) 
VH = 12.0 ± 0.5V 


AlmEL 


• 


r 
1.2 


m 
a 
I 
1.1 
i 
z 
e 
1.0 


d 


I 
0.9 


C 
C 0.8 
-55 


N 1.1 


o 


r 
1.0 
m 
a 
I 
0.9 
I 
z 
e 
0.8 
d 


I 
0.7 


C 
C 0.6 
o 


060 
u 
I 
50 


P 
u 
40 
I 


C 30 


u 
r 
20 


r 
e 
10 
n 
I 
0 
o 


NORMALIZED 
SUPPLY CURRENT vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 
ADDRESS FREQUENCY 


2 
3 
Frequency (MHz) 


OUTPUT 
SINK CURRENT vs. 


OUTPUT VOLTAGE 


2 
3 
Output Voltage (V) 


A1mEl 


o 
r 
m 
1.2 


a 
I 
i 
1.0 
z 
e 
d 


I 
C 
C 0.6 


4.50 


N 1.25 
o 
r 
m 1.20 
a 
II 1.15 


z 
e 1.10 
d 


I 1.05 
A 
CC 1.00 
100 


040 
u 
I 
P 30 
u 
I 


C 20 


u 
r 
r 
10 
e 
n 
I 
0 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


4.75 
5.00 
5.25 


Supply Voltage (V) 


NORMALIZED ACCESS TIME vs. 


OUTPUT LOAD 


200 
300 


Output Load (pF) 


OUTPUT SOURCE CURRENT vs. 


OUTPUT VOLTAGE 


Vcc = 5V 


T=25C 


234 


Output Voltage (V) 


tAcc 
Icc{mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


150 
30 
0.1 
AT28C17(E)-15JC 
32J 
Commercial 


AT28C17(E)-15PC 
28P6 
(O°C to 70°C) 


AT28C17{E)-15SC 
28S 


45 
0.1 
AT28C17{E)-15JI 
32J 
Industrial 


AT28C17(E)-15PI 
28P6 
HO°C 
to 85°C) 


AT28C17(E)-15SI 
28S 


Notes: 
1. 
See Valid Part Numbers 
table below. 
3 


2. 
The 28C17 
200 ns and 250 ns speed 
selections 
have been 
removed 
from valid selections 
table and are replaced 
by the 
faster 
150 ns TAAoffering. 


3. 
The 28C17 
ceramic 
and LCC package 
offerings 
have been removed. 
New designs 
should 
utilize the 28C256 
ceramic 
offer- 
ings. 


Valid Part Numbers 


The 
following 
table 
lists 
standard 
Atmel 
products 
that 
can 
be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28C17 
15 
JC, JI, PC, PI, SC, SI 


AT28C17E 
15 
JC, JI, PC, PI, SC, SI 


AT28C17 
- 
W 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dull Inline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing, 
Small Outline 
(SOIC) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 1 ms 


E 
High Endurance 
Option: 
Endurance 
= lOOK Write 
Cycles; 
Write Time = 200 JlS 
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------- 
1E1WlV 


• Fast Read Access Time -120 ns 
• Fast Byte Write - 200 IJs or 1 ms 
• Self-Timed Byte Write Cycle 


- Internal Address and Data Latches 
- Internal Control Timer 
- Automatic 
Clear Before Write 


• Direct Microprocessor 
Control 


- READY/BUSY Open Drain Output 
- DATA Polling 
• Low Power 
- 30 mA Active Current 
- 100 IJA CMOS Standby Current 


• High Reliability 
- Endurance: 
104 or 105Cycles 


- Data Retention: 10 Years 


• 5V ± 10% Supply 
• CMOS and TTL Compatible Inputs and Outputs 
• JEDEC Approved 
Byte-Wide Pinout 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28C64 
is a low-power, 
high-performance 
8,192 
words 
by 8-bit 
nonvolatile 


Electrically 
Erasable and Programmable 
Read Only Memory with popular, 
easy to use 


features. 
The device is manufactured 
with Atmel's 
reliable nonvolatile 
technology. 
(continued) 


Pin Configurations 
PDIp, SOIC 
Top View 
Pin Name 
Function 


AD - A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


RDY/BUSY 
Ready/Busy Output 


NC 
No Connect 


DC 
Don't Connect 


TSOP 
Top View 


OE 


A11 


A9 


A8 


NC 
WE 


VCC 


ROY/BUSY 
(or NC) 


A'2 
A7 


A6 


AS 


A4 


A3 


RDY/BUSY (OfNC) 
VCC 
A12 
WE 
A7 
NC 
A6 
A8 
AS 
A9 


.44 
Al1 


A3 
6E 
A2 
A10 
A' 
a 
AO 
V07 


1100 
1106 


V01 
1105 


V02 
1104 
GNO 
1/03 


LCC, PLCC 


Top View 


~~~g~H 


Note: PLCC package pins 1 and 17 are 
DON'T CONNECT. 
AlmEL 


A1IDEL 
_ ••••• 
-® 


64K (8K X 8) 


Parallel 
• 
EEPROMs 


AT28C64 
AT28C64X 


The AT28C64 
is accessed 
like a Static RAM for the read or 
write cycles without the need for external components. 
Dur- 
ing a byte write, 
the address 
and data are latched 
inter- 
nally, freeing 
the microprocessor 
address 
and data bus for 
other 
operations. 
Following 
the initiation 
of a write 
cycle, 
the device 
will go to a busy state and automatically 
clear 
and write the latched 
data using an internal 
control 
timer. 
The device includes two methods for detecting 
the end of a 
write cycle, 
level detection 
of RDY/BUSY 
(unless 
pin 1 is 
N.C.) and DATA POLLING 
of 1/07, Once the end of a write 


VCC- 
GND- 
:3 


ADDRESS [== 
INPUTS 


----. 


CE, CE AND WE 
LOGIC 


All Input Voltages (including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground ...................•.........-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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cycle has been detected, 
a new access for a read or write 
can begin. 


The CMOS technology 
offers fast access times of 120 ns at 
low power 
dissipation. 
When 
the chip 
is deselected 
the 
standby 
current is less than 100 llA. 


Atmel's 
28C64 has additional 
features 
to ensure 
high qual- 
ity and manufacturability. 
The device 
utilizes 
error correc- 
tion internally 
for extended 
endurance 
and for improved 
data 
retention 
characteristics. 
An extra 
32 
bytes 
of 
EEPROM 
are available for device identification 
or tracking. 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings· may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C64 
is accessed 
like 
a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The 
outputs 
are put in a high 
impedance 
state whenever 
CE or OE is high. This dual line 
control 
gives designers 
increased 
flexibility 
in preventing 
bus contention. 


BYTE WRITE: 
Writing 
data into the AT28C64 
is similar to 
writing 
into a Static 
RAM. A low pulse 
on the WE or CE 
input with OE high and CE or WE low (respectively) 
ini- 
tiates a byte write. The address 
location 
is latched 
on the 
falling 
edge of WE (or CE); the new data is latched 
on the 
rising 
edge. 
Internally, 
the device 
performs 
a self-clear 
before 
write. 
Once 
a byte write 
has been started, 
it will 
automatically 
time 
itself to completion. 
Once a program- 
ming operation 
has been initiated 
and for the duration 
of 
twc, a read operation 
will effectively 
be a polling operation. 


FAST 
BYTE WRITE: 
The AT28C64E 
offers 
a byte write 
time of 200 Ils maximum. 
This feature 
allows 
the entire 
device to be rewritten 
in 1.6 seconds. 


READY/BUSY: 
Pin 1 is an open drain ROY/BUSY 
output 
that 
can 
be used 
to detect 
the 
end 
of a write 
cycle. 
ROY/BUSY 
is actively 
pulled low during the write cycle and 
is released 
at the completion 
of the write. The open drain 
connection 
allows 
for OR-tying 
of several 
devices 
to the 
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same 
ROY/BUSY 
line. 
The 
ROY/BUSY 
pin is not con- 
nected for the AT28C64X. 


DATA POLLING: 
The AT28C64 
provides 
OATA POLLING 
to signal 
the completion 
of a write 
cycle. 
Ouring 
a write 
cycle, an attempted 
read of the data being written results in 
the complement 
of that data for 1/07 (the other outputs 
are 
indeterminate). 
When the write cycle is finished, 
true data 
appears 
on all outputs. 


WRITE 
PROTECTION: 
Inadvertent 
writes 
to the device 
are 
protected 
against 
in the 
following 
ways: 
(a) V cc 
sense-if 
V cc is below 3.8V (typical) 
the write function 
is 
• 
inhibited; 
(b) Vcc power on delay-once 
Vcc has reached 
3.8V the device 
will automatically 
time out 5 ms (typical) 
before allowing 
a byte write; and (c) write inhibit-holding 
anyone 
of OE low, CE high or WE high inhibits 
byte write 
cycles. 


CHIP CLEAR: 
The contents 
of the entire 
memory 
of the 
AT28C64 
may be set to the high state by the CHIP CLEAR 
operation. 
By setting CE low and OE to 12 volts, the chip is 
cleared when a 10 msec low pulse is applied to WE. 


DEVICE 
IDENTIFICATION: 
An 
extra 
32 
bytes 
of 
EEPROM 
memory 
are available 
to the user for device iden- 
tification. 
By raising 
A9 to 12 ± 0.5V 
and using 
address 
locations 
1FEOH to 1FFFH 
the additional 
bytes 
may be 
written 
to or read from in the same manner 
as the regular 
memory 
array. 


AlmEl 


AT28C64·12 
AT28C64-15 
AT28C64-20 
AT28C64-25 


Operating 
I Com. 
O°C -70°C 
O°C -70°C 
DOC-70°C 
O°C - 70°C 


Temperature 
(Case) 
I Ind. 
-40°C - 85°C 
-40°C 
- 85°C 
-40°C 
- 85°C 
-40°C 
- 85°C 


Vcc Power 
Supply 
5V± 
10% 
5V± 
10% 
5V ± 10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
VIL 
VIH 
DOUT 


Write(2) 
V1L 
V1H 
V1L 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(l) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
V1L 
X 


Output 
Disable 
X 
V1H 
X 
High Z 


Chip Erase 
V1L 
VH(3) 
VIL 
High Z 


Notes: 
1. 
X can be VIL or V1H. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vcc + 1V 
10 
JlA 


ILo 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
JlA 


1581 
Vcc Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1.0V 
100 
JlA 


Com. 
2 
mA 
1582 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1.0V 
Ind. 
3 
mA 


f = 5 MHz; 'OUT= 0 mA 
Com. 
30 
mA 
Icc 
VccActive 
Current 
AC 
CE = VIL 
Ind. 
45 
mA 


V1L 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 
= 4.0 mA for RDY/BUSY 


VOH 
Output 
High Voltage 
10H= -400 J.1A 
2.4 
V 


AT28C64-12 
AT28C64-15 
AT28C64·20 
AT28C64-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
120 
150 
200 
250 
ns 


t 
(1) 
CE to Output 
Delay 
120 
150 
200 
250 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
10 
60 
10 
70 
10 
80 
10 
100 
ns 
OE 


t 
(3)(4) 
CE or OE High to Output 
Float 
0 
45 
0 
50 
0 
55 
0 
60 
ns 
DF 


toH 
Output 
Hold from OE, CE or 
0 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tAcc - tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to leE -toE after the falling 
edge of CE without 
impact 
on leE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first (Cl = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 
S.ov 


AC < 
DRIVING 
LEVELS 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address. 
OE Set-up 
Time 
10 
ns 


tAH 
Address 
Hold Time 
50 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
1000 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, OE Hold Time 
10 
ns 


les, leH 
CE to WE and WE to CE Set-up 
and Hold Time 
0 
ns 


toa 
Time 
to Device 
Busy 
50 
ns 


I AT28C64 
1.0 
ms 
twc 
Write 
Cycle 
Time 
I AT28C64E 
200 
lls 


AC Write Waveforms 


WE Controlled 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100% tested. 
2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


AD- A12 
An_X 
An 
X 
An 
~ 


Chip Erase Waveforms 


VIH 


CE 
VIL 


VH 


OE 


VIH 


VIH 


WE 
VIL 


ts = tH = 1 J.lsec (min.) 


tw = 10 msec 
(min.) 


VH = 12.0 ± 0.5V 
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NORMALIZED 
SUPPLY CURRENT vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 
ADDRESS FREQUENCY 


234 
Frequency (MHz) 


OUTPUT 
SINK CURRENT 
vs. 


OUTPUT VOLTAGE 


2 
3 
Output Voltage (V) 


AlmEl 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


o 
r 
m 
1.2 
a 
I 
i 
1.0 
z 
e 
d 


I 
C 
C 0.6 
4.50 


N 1.25 
o 
r 
m 1.20 
a 
II 
1.15 


z 
e 1.10 
d 


5.00 
5.25 
Supply Voltage (V) 


NORMALIZED ACCESS TIME vs. 


OUTPUT LOAD 


I 
1.05 


A 
C 
C 1.00 


100 
200 
300 
Output Load (pF) 


OUTPUT SOURCE CURRENT vs. 


OUTPUT VOLTAGE 
o 40 


u 
I 
P 30 
u 
I 


C 20 


u 
r 
r 
10 


e 
n 
I 
0 
o 


Vcc=5V 
T=25C 


234 
Output Voltage (V) 


tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


120 
30 
0.1 
AT28C64(E)-12JC 
32J 
Commercial 


AT28C64(E)-12PC 
28P6 
(O°C to 70°C) 


AT28C64(E)-12SC 
28S 


AT28C64(E)-12TC 
28T 


45 
0.1 
AT28C64(E)-12JI 
32J 
Industrial 


AT28C64(E)-12PI 
28P6 
(-40°C 
to 85°C) 


AT28C64(E)-12SI 
28S 


AT28C64(E)-12TI 
28T 


150 
30 
0.1 
AT28C64(E)-15JC 
32J 
Commercial 


AT28C64(E)-15PC 
28P6 
(O°C to 70°C) 


AT28C64(E)-15SC 
28S 


AT28C64(E)-15TC 
28T 


45 
0.1 
AT28C64(E)-15J 
I 
32J 
Industrial 


AT28C64(E)-15PI 
28P6 
(-40°C 
to 85°C) 


AT28C64(E)-15SI 
28S 


AT28C64(E)-15TI 
28T 


200 
30 
0.1 
AT28C64(E)-20JC 
32J 
Commercial 


AT28C64(E)-20PC 
28P6 
(O°C to 70°C) 


AT28C64(E)-20SC 
28S 


AT28C64(E)-20TC 
28T 


45 
0.1 
AT28C64(E)-20JI 
32J 
Industrial 


AT28C64(E)-20PI 
28P6 
(-40°C 
to 85°C) 


AT28C64(E)-20SI 
28S 


AT28C64(E)-20TI 
28T 


250 
30 
0.1 
AT28C64(E)-25JC 
32J 
Commercial 


AT28C64(E)-25PC 
28P6 
(O°C to 70°C) 


AT28C64(E)-25SC 
28S 


AT28C64(E)-25TC 
28T 


45 
0.1 
AT28C64(E)-25J1 
32J 
Industrial 


AT28C64(E)-25PI 
28P6 
(-40°C 
to 85°C) 


AT28C64(E)-25SI 
28S 


AT28C64(E)-25TI 
28T 


Package 
Type 


32J 
32 Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28P6 
28 Lead, 0.600" 
Wide, 
Plastic 
Dull Inline 
Package 
(PDIP) 


28S 
28 Lead, 0.300" 
Wide, 
Plastic 
Gull Wing, 
Small Outline 
(SOIC) 


28T 
28 Lead, 
Plastic 
Thin 
Small 
Outline 
Package 
(TSOP) 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write 
Time = 1 ms 


E 
High Endurance 
Option: 
Endurance 
= 1OOK Write 
Cycles; 
Write 
Time = 200 llS 
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tACC 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


150 
30 
0.1 
AT28C64X·15JC 
32J 
Commercial 
AT28C64X·15PC 
28P6 
(O°Cto lO°C) 


AT28C64X·15SC 
28S 
AT28C64X·15TC 
28T 


45 
0.1 
AT28C64X·15JI 
32J 
Industrial 
AT28C64X·15PI 
28P6 
HO°C to 85°C) 


AT28C64X·15SI 
28S 
AT28C64X·15TI 
28T 


200 
30 
0.1 
AT28C64X·20JC 
32J 
Commercial 
AT28C64X·20PC 
28P6 
(O°Cto lO°C) 
AT28C64X·20SC 
28S 
AT28C64X·20TC 
28T 


45 
0.1 
AT28C64X·20JI 
32J 
Industrial 
AT28C64X·20PI 
28P6 
HO°C to 85°C) 


AT28C64X·20SI 
28S 
AT28C64X·20TI 
28T 


250 
30 
0.1 
AT28C64X·25JC 
32J 
Commercial 


AT28C64X·25PC 
28P6 
(O°Cto lO°C) 


AT28C64X·25SC 
28S 
AT28C64X·25TC 
28T 


45 
0.1 
AT28C64X·25JI 
32J 
Industrial 


AT28C64X·25PI 
28P6 
HO°C to 85°C) 


AT28C64X·25SI 
28S 
AT28C64X·25TI 
28T 


Valid Part Numbers 


The following 
table lists standard 
Atmel products that can be ordered. 


Device Numbers 
Speed 
Package and Temperature Combinations 


AT28C64 X 
12 
JC, JI, PC, PI, SC, 51, TC, TI 


AT28C64X 
15 
JC, JI, PC, PI, SC, SI, TC, TI 


AT28C64 X 
20 
JC, JI, PC, PI, SC, SI, TC, TI 


AT28C64 X 
25 
JC, JI, PC, PI, SC, SI, TC, TI 


Package Type 


32J 
32 Lead, Plastic J·Leaded Chip Carrier (PLCC) 


28P6 
28 Lead, 0.600" Wide, Plastic Dull Inline Package (PDIP) 


28S 
28 Lead, 0.300" Wide, Plastic Gull Wing, Small Outline (SOIC) 


28T 
28 Lead, Plastic Thin Small Outline Package (TSOP) 


• Fast Read Access Time -150 ns 
• Automatic 
Page Write Operation 


- Internal Address and Data Latches for 64 Bytes 


• Fast Write Cycle Times 
- Page Write Cycle Time: 10 ms Maximum 
- 1 to 64-Byte Page Write Operation 


• Low Power Dissipation 
- 40 mA Active Current 
- 100 ~A CMOS Standby Current 


• Hardware and Software Data Protection 
• DATA Polling and Toggle Bit for End of Write Detection 
• High Reliability 
CMOS Technology 


- Endurance: 
100,000 Cycles 


- Data Retention: 
10 Years 


• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte-Wide Pinout 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28C64B 
is a high-performance 
electrically 
erasable 
and programmable 
read 


only memory 
(EEPROM). 
Its 64K of memory 
is organized 
as 8,192 words 
by 8 bits. 


Manufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers 
access 
times to 150 ns with power 
dissipation 
of just 220 mW. When the device 
is 


deselected, 
the CMOS standby 
current is less than 100!lA. 
(continued) 


Pin Name 
Function 


AO- A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
Top View 


~~~g~~~ 


A6 


AS 


A4 


A3 


A2 


A1 


AO 


NC 
voo 
13:! ~ 
~ !;: ~ 
~ g21 


Note: PLCC package pins 1 and 17 are 
DON'T CONNECT. 


PDIp, SOIC 
Top View 


TSOP 
Top View 
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64K (8K X 8) 
Parallel 
EEPROMs with 
Page Write and 
Software Data 
Protection • 


The AT2BC64B 
is accessed 
like a Static RAM for the read 
or write 
cycle 
without 
the need for external 
components. 


The device contains 
a 64-byte page register to allow writing 
of up to 64 bytes simultaneously. 
During a write cycle, the 
addresses 
and 1 to 64 bytes of data are internally 
latched, 


freeing the address 
and data bus for other operations. 
Fol- 
lowing the initiation 
of a write cycle, the device will automat- 
ically write the latched data using an internal 
control 
timer. 


The end of a write cycle can be detected 
by DATA POLL- 
ING 
of 1/07, 
Once 
the 
end 
of a write 
cycle 
has 
been 
detected, 
a new access for a read or write can begin. 


VCC- 
GND- 


OE-~ 
WE _ 
CE, cr AND wr;. 
LOGIC 
cr 
~ 


ADDRESS [== 
INPUTS - 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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Atmel's 
AT2BC64B 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
64 bytes 
of 
EEPROM 
for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
1/00 - 1/07 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


V-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C64B 
is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high. the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high- 
impedance 
state when either CE or OE is high. This dual 


line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their systems. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 


The address 
is latched 
on the falling 
edge of CE or WE. 
whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write has been started. 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc• a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE WRITE: The page write operation 
of the AT28C64B 
allows 
1 to 64 bytes 
of data to be written 
into the device 
during 
a single internal 
programming 
period. 
A page write 
operation 
is initiated 
in the same 
manner 
as a byte write; 
after the first byte is written. 
it can then be followed 
by 1 to 
63 additional 
bytes. Each successive 
byte must be loaded 
within 
150 I.ls (tsLd of the previous 
byte. If the tSLClimit is 
exceeded. 
the AT28C64B 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page write 
operation 
must 
reside 
on the same 
page as defined 
by the state of the A6 to A12 inputs. 
For 
each WE high \0 low transition 
during the page write opera- 
tion. A6 to A 12 must be the same. 


The AO to AS inputs specify which bytes within the page are 
to be written. 
The bytes may be loaded 
in any order 
and 
may be altered 
within 
the same 
load period. 
Only 
bytes 
which are specified 
for writing 
will be written; 
unnecessary 
cycling of other bytes within the page does not occur. 


DATA POLLING: 
The AT28C64B 
features 
DATA Polling to 
indicate 
the end of a write 
cycle. 
During 
a byte or page 
write 
cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07, 
Once 
the write 
cycle 
has been 
completed, 
true 
data is valid on all outputs. 
and the next write cycle 
may 
begin. DATA Polling may begin at any time during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling. the AT28C64B 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write operation. 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in I/0s 
toggling 
between 
one and zero. Once the write has completed, 
I/0s 
will stop toggling, 
and valid data will be read. Toggle 
bit 


reading may begin at any time during the write cycle. 
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DATA 
PROTECTION: 
If precautions 
are not taken. 
inad- 


vertent writes may occur during transitions 
of the host sys- 
tem power supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes 
to the AT28C64B 
in the 
following 
ways: 
(a) Vcc sense-if 
Vcc is below 3.8V (typi- 
cal). 
the write 
function 
is inhibited; 
(b) Vcc 
power-on 
delay-once 
Vcc has reached 
3.8V. the device 
will auto- 
matically 
time out 5 ms (typical) 
before 
allowing 
a write; 
• 
(c) write 
inhibit-holding 
anyone 
of OE low. CE high. or 
WE high inhibits write cycles; and (d) noise filter-pulses 
of 
less than 15 ns (typical) 
on the WE or CE inputs will not ini- 
tiate a write cycle. 


SOFTWARE 
DATA 
PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on the 
AT28C64B. 
When 
enabled. 
the software 
data protection 
(SDP). 
will prevent 
inadvertent 
writes. 
The SDP feature 
may be enabled 
or disabled 
by the user; the AT28C64B 
is 
shipped from Atmel with SDP disabled. 


SDP is enabled 
by the user issuing 
a series of three write 
commands 
in which three specific 
bytes of data are written 
to three specific 
addresses 
(refer to the Software 
Data Pro- 
tection Algorithm 
diagram 
in this data sheet). 
After writing 
the 3-byte command 
sequence 
and waiting 
twc• the entire 
AT28C64B 
will be protected 
against 
inadvertent 
writes. 
It 
should 
be noted that even after SDP is enabled. 
the user 
may still perform 
a byte or page write to the AT28C64B 
by 
preceding 
the data to be written 
by the same 3-byte 
com- 
mand sequence 
used to enable SDP. 


Once set, SDP remains active unless the disable command 
sequence 
is issued. 
Power transitions 
do not disable 
SDP. 


and SDP protects 
the AT28C64B 
during 
power-up 
and 
power-down 
conditions. 
All command 
sequences 
must 
conform to the page write timing specifications. 
The data in 
the enable and disable command 
sequences 
is not actually 
written into the device; 
their addresses 
may still be written 
with user data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device. 
However. 
for 
the duration 
of twc• read operations 
will effectively 
be poll- 


ing operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising 
A9 to 12V ± 0.5V and using address 
locations 
1FCOH to 1FFFH. the additional 
bytes may be written to or 
read from 
in the same 
manner 
as the 
regular 
memory 
array. 


AlmEL 


AT28C64B-15 
AT28C64B-20 
AT28C64B-25 


Operating 
I Com. 
O·C -70·C 
O·C - 70·C 
O·C -70·C 


Temperature 
(Case) 
I Ind. 
-40·C 
- 85·C 
-40·C 
- 85·C 
-40·C 
- 85·C 


Vcc Power Supply 
5V± 
10% 
5V ± 10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
VIL 
V1H 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(l) 
X 
High Z 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
VIL 
VH(3) 
V'L 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
ReIer to the AC Write 
Waveforms 
diagrams 
in this data sheet. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN=OVtoVcc+1V 
10 
~ 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
~A 


IS81 
Vcc Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1V I Com., 
Ind. 
100 
~A 


IS82 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1V 
2 
mA 


Icc 
VccActive 
Current 
I = 5 MHz; lOUT= 0 mA 
40 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
10L= 2.1 mA 
0.40 
V 


VOH 
Output 
High Voltage 
IOH=-400~ 
2.4 
V 


AT28C64B-15 
AT28C64B-20 
AT28C64B-25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
ns 


lcE(l) 
CE to Output 
Delay 
150 
200 
250 
ns 


t 
(2) 
OE to Output 
Delay 
0 
70 
0 
80 
0 
100 
ns 
OE 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
50 
0 
55 
0 
60 
ns 
DF 


toH 
Output 
Hold from OE. CE or 
0 
0 
0 
ns 
Address. 
whichever 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE -toE after the falling 
edge of CE without 
impact 
on tCE or by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tDF is specified 
from 
OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.QV 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 
tA• tF < 5 ns 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz. T = 25°c(lj 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


toH, tOEH 
Data, OE Hold Time 
0 
ns 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_I_N 
<ff=D=S=======tD=H=3 
_ 


tWP 


DATA_IN 
~[t=D=S=======tD=H=3----- 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle 
Time 
10 
ms 


twc 
Write 
Cycle 
Time 
(28C64B 
SL 184) 
0 
3 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
l1S 


tWPH 
Write 
Pulse Width 
High 
50 
ns 


__ ~/--------------~/I~I 
---~/f-- 


; 


BYTE 
3 
; 
BYTE62~; 
I 


~tWC --I 


Notes: 
1. 
A6 through 
A 12 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE). 


2. 
OE must be high only when WE and CE are both low. 


VIH 
CE 
VIL 


VH 


DE 


VIH 


VIH 
WE 
VIL 


ts = tH = 1 l1sec (min.) 


tw = 10 msec 
(min.) 


VH=12.0±0.5V 
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Software 
Data Protection 
Enable Algorithm(1) 
Software 
Data Protection 
Disable Algorithm(1) 


Notes for software 
program 
code: 


1. 
Data Format: 1/07 - 1/00 (Hex); 
Address 
Format: A12 - AO (Hex). 


2. 
Write Protect state will be activated 
at end of 
write even if no other data is loaded. 


3. 
Write Protect state will be deactivated 
at end of 
write period even if no other data is loaded. 


4. 
1 to 64 bytes of data are loaded. 


~--------~7/ 
r- 
,<------------."7/ 
/_ 


~~~ 


BYTE 62 
BYTE 63I-- twc----l 


1. 
A6 through A12 must specify the same page address during each high to low transition of WE (or CE) after the software 
code has been entered. 


2. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


leE 
OE to Output 
Delay(2) 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100%tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


leEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


leEHP 
OE High Pulse 
150 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100%tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms(1)(2)(3) 


WE 


Notes: 
1. 
Toggling 
either 
OE or CE or both OE and CE will operate 
toggle 
bit. 


2. 
Beginning 
and ending 
state of 1/06 will vary. 


3. 
Any address 
location 
may be used but the address 
should 
not vary. 
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N 1.3 
o 


r 
1.2 
m 
a 
I 
1.1 


I 
z 
e 
1.0 
d 


I 
0.9 


C 
C 0.8 


·55 


N 1.1 


o 


r 
1.0 
m 
a 
I 
0.9 
i 
z 
e 
0.8 
d 


I 0.7 


C 
C 0.6 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED 
SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 
--- 
---- 
- 


Vcc=5V 
T=25C 


234 


Frequency (MHz) 
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o 
r 
m 
1.2 
a 
I 


i 
1.0 


z 
e 
d 


I 
C 
C 
0.6 
4.50 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


4.75 
5.00 
5.25 
Supply Voltage (V) 


tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


150 
40 
0.1 
AT28C64B-15JC 
32J 
Commercial 


AT28C64B-15PC 
28P6 
(O°Cto lO°C) 
AT28C64B-15SC 
28S 
AT28C64B-15TC 
28T 


AT28C64B-15JI 
32J 
Industrial 
AT28C64B-15PI 
28P6 
(-40°C to 85°C) 


AT28C64B-15SI 
28S 
AT28C64B-15TI 
28T 


200 
40 
0.1 
AT28C64B-2OJC 
32J 
Commercial 
AT28C64B-20PC 
28P6 
(O°Cto lO°C) 
AT28C64B-20SC 
28S 
AT28C64B-20TC 
28T 


AT28C64B-20JI 
32J 
Industrial 
AT28C64B-20PI 
28P6 
(-40°C to 85°C) 


AT28C64B-20SI 
28S 
AT28C64B-20TI 
28T 


250 
40 
0.1 
AT28C64B-25JC 
32J 
Commercial 
AT28C64B-25PC 
28P6 
(O°Cto lO°C) 
AT28C64B-25SC 
28S 
AT28C64B-25TC 
28T 


AT28C64B-25J1 
32J 
Industrial 
AT28C64B-25PI 
28P6 
(-40°C to 85°C) 


AT28C64B-25SI 
28S 
AT28C64B-25TI 
28T 


Note: 
1. 
See Valid Part Numbers table below. 


Valid Part Numbers 


The following 
table lists standard 
Atmel products 
that can be ordered. 


Device Numbers 
Speed 
Package and Temperature Combinations 


AT28C64B 
15 
JC. JI, PC. PI. SC. SI, TC. TI 


AT28C64B 
20 
JC. JI, PC. PI. SC. SI, TC. TI 


AT28C64B 
25 
JC. JI. PC. PI. SC, SI, TC, TI 


AT28C64B 
. 
W 


Package Type 


32J 
32-Lead. Plastic J·Leaded Chip Carrier (PLCC) 


28P6 
28-Lead. 0.600" Wide. Plastic Dual Inline Package (PDIP) 


28S 
28-Lead. 0.300" Wide. Plastic Gull Wing Small Outline (SOlC) 


28T 
28-Lead. Plastic Thin Small Outline Package (TSOP) 


W 
Die 


AlmEl 


• 


------- 
,5IWIY 


• Fast Read Access Time -150 ns 
• Automatic 
Page Write Operation 


- Internal Address and Data Latches for 64 Bytes 
- Internal Control Timer 
• Fast Write Cycle Times 
- Page Write Cycle Time: 3 ms or 10 ms Maximum 
- 1 to 64-Byte Page Write Operation 


• Low Power Dissipation 
- 50 mA Active Current 
- 200 IlA CMOS Standby Current 
• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 


- Endurance: 
104 or 105 Cycles 


- Data Retention: 
10 Years 


• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte-Wide Pinout 


• Full Military, Commercial, 
and Industrial 
Temperature Ranges 


Description 


The AT28C256 
is a high-performance 
Electrically 
Erasable 
and Programmable 
Read 


Only Memory. 
its 256K of memory 
is organized 
as 32,768 words by 8 bits. Manufac- 


tured with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers access 


times to 150 ns with power dissipation 
of just 440 mW. When the device is deselected, 
the CMOS standby 
current is less than 200 IJA. 
(continued) 
Pin Configurations 


Pin Name 
Function 


AO- A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


TSOP 
Top View 


PGA 
Top View 


LCC, PLCC 
Top View 


4 
• 
1 
27 
2. 
AS 
A7 
A14 
WE 
A1. 


5 
2 
2. 
24 
2S 
AS 
A12 
VCC 
AS 
AS 


7 
• 
22 
23 
~ ~ 
~ ~ 
• 
• 
20 
21 
A1 
A2 
CE 
A10 


11 
10 
14 ,. ,. 
1/00 
AO 
GND 
V04 
V07 


12 ,. 
15 
17 ,. 


VOl 
V02 
V03 
vas 
1106 


AS 
A' 
AS 
A9 


oM 
All 


A3 
NC 
A2 
llI' 


Al 
A10 
AO 
CE 
NC 
1107 


1100 
13~ ~ 
~ 
~ = ~ ~21 
V06 


Note: PLCC package pins 1 and 
17 are DON'T CONNECT. 
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CERDIP, PDIP, FLATPACK, 


SOIC - 
Top View 


A1IDEL 
______ 
r(@ 


256K (32K X 8) 
Paged Parallel 
• 
EEPROMs 


The AT28C256 
is accessed 
like a Static RAM for the read 
or write 
cycle 
without 
the need for external 
components. 


The device contains 
a 64-byte 
page register to allow writing 
of up to 64 bytes simultaneously. 
During a write cycle, the 


addresses 
and 1 to 64 bytes of data are internally 
latched, 
freeing 
the address 
and data bus for other operations. 
Fol- 


lowing the initiation 
of a write cycle, the device will automat- 
ically write the latched 
data using an internal control timer. 


The end of a write cycle can be detected 
by DATA POLL- 


ING 
of 1/07, 
Once 
the 
end 
of a write 
cycle 
has 
been 
detected 
a new access for a read or write can begin. 


VCC-- 
GND-- 
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Atmel's 
28C256 
has additional 
features 
to ensure 
high 


quality 
and manufacturability. 
The device 
utilizes 
internal 


error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
64 bytes 
of 
EEPROM 
for device identification 
or tracking. 


CE--~ 
~ 
WE __ 
CE, CE AND 
WE 
LOGIC 
CE 
~ 
~ 


ADDRESS [== 
INPUTS - 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 


DATA LATCH 


INPUTIOUTPUT 


BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C256 
is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 


tention in their system. 


BYTE WRITE: 
A low pulse o~e 
WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 


The address 
is latched 
on the falling 
edge of CE or WE, 
whichever 
occu~st. 
The data is latched by the first rising 
edge of CE or WE. Once a byte write 
has been started 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling opera- 
tion. 


PAGE WRITE: 
The page write operation 
of the AT28C256 
allows 
1 to 64 bytes 
of data to be written 
into the device 
during a single 
internal 
programming 
period. A page write 
operation 
is initiated 
in the same manner 
as a byte write; 


the first byte written 
can then be followed 
by 1 to 63 addi- 
tional 
bytes. 
Each successive 
byte must be written 
within 
150 ~s (tsLcl 
of the 
previous 
byte. 
If the 
tSLC limit 
is 
exceeded 
the AT28C256 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page 
write 
operation 
must 
reside 
on the same 
page ~ 
defined 
by the state 
of the A6 - A 14 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A6 - A14 must be the same. 


The AO to A5 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which are specified 
for writing will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA POLLING: 
The AT28C256 
features 
DATA Polling to 
indicate 
the end of a write 
cycle. 
During 
a byte or page 
write cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07, Once 
the write 
cycle 
has been completed, 
true 
data is valid on all outputs, 
and the next write cycle 
may 
begin. DATA Polling 
may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28C256 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in I/Os toggling 
between 
one and zero. Once the write has completed, 
I/Os 
will stop toggling 
and valid data will be read. Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent writes may occur during transitions 
of the host sys- 
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tem power 
supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28C256 
in the following 
ways: 
(a) Vcc sense-if 
V cc is below 
3.8V 
(typical) 
the 
write function 
is inhibited; 
(b) Vcc power-on 
delay-once 
Vcc has reached 3.8V the device will automatically 
time out 


5 ms (typical) 
before 
allowing 
a write; 
(c) write 
inhibit- 
holding 
anyone 
of OE low, CE high or WE high inhibits 
write cycles; 
and (d) noise filter-pulses 
of less than 15 ns 
(typical) 
on the WE or CE inputs 
will not initiate 
a write 
cycle. 


SOFTWARE 
DATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28C256. 
When 
enabled, 
the software 
data protection 
(SOP), 
will prevent 
inadvertent 
writes. 
The SOP feature 
may be enabled 
or disabled 
by the user; the AT28C256 
is 
shipped from Atmel with SOP disabled. 


SOP is enabled by the host system issuing a series of three 
write commands; 
three specific 
bytes of data are written to 
three specific 
addresses 
(refer to Software 
Oata Protection 
Algorithm). 
After 
writing 
the 3-byte 
command 
sequence 
and after twc the entire AT28C256 
will be protected 
against 
inadvertent 
write operations. 
It should 
be noted, that once 
protected 
the host may still perform 
a byte or page write to 
the AT28C256. 
This is done by preceding 
the data to be 
written 
by the same 
3-byte 
command 
sequence 
used to 
enable SOP. 


Once set, SOP will remain active 
unless 
the disable 
com- 


mand sequence 
is issued. Power transitions 
do not disable 
SOP and SOP will protect the AT28C256 
during 
power-up 
and power-down 
conditions. 
All command 
sequences 
must 
conform 
to the page write timing specifications. 
The data in 
the enable and disable 
command 
sequences 
is not written 
to the 
device 
and 
the 
memory 
addresses 
used 
in the 
sequence 
may be written with data in either a byte or page 
write operation. 


After setting SOP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device; 
however, 
for 
the duration 
of twc, read operations 
will effectively 
be poll- 


ing operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 
By raising 
A9 to 12V ± 0.5V and using address 
locations 
7FCOH to 7FFFH the additional 
bytes may be written to or 
read from 
in the same 
manner 
as the 
regular 
memory 
array. 


OPTIONAL 
CHIP ERASE 
MODE: 
The entire 
device 
can 
be erased 
using a 6-byte software 
code. 
Please see Soft- 
ware Chip Erase application 
note for details. 


• 
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AT28C256·15 
AT28C256-20 
AT28C256-25 
AT28C256-35 


Com. 
O°C -70°C 
O°C - 70°C 
O°C - 70°C 
Operating 
Ind. 
-40°C 
- 85°C 
-40°C· 
85°C 
-40°C 
- 85°C 
Temperature 
(Case) 


Mil. 
-55°C 
- 125°C 
-55°C 
- 125°C 
-55°C· 
125°C 
-55°C - 125°C 


Vcc Power Supply 
5V ± 10% 
5V± 
10% 
5V± 
10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
V1L 
X 


Output 
Disable 
X 
V1H 
X 
High Z 


Chip Erase 
VIL 
VH(3) 
V1L 
High Z 


Notes: 
1. 
X can be V1Lor V1H. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vcc + 1V 
10 
J.1A 


ILO 
Output 
Leakage 
Current 
Vuo = OV to Vcc 
10 
J.1A 


_ 
I Com., 
Ind. 
200 
J.1A 


1561 
Vcc Standby 
Current 
CMOS 
CE=Vcc·0.3VtoVcc+1V 
I Mil. 
300 
J.1A 


IS62 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1V 
3 
mA 


Icc 
VccActive 
Current 
f = 5 MHz; lOUT= 0 mA 
50 
mA 


VIL 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH 
Output 
High Voltage 
IOH= -400 J.1A 
2.4 
V 


AT28C256-15 
AT28C256·20 
AT28C256-25 
AT28C256-35 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
350 
ns 


t 
(1) 
CE to Output 
Delay 
150 
200 
250 
350 
ns 
CE 


toE(2) 
OE to Output 
Delay 
0 
70 
0 
80 
0 
100 
0 
100 
ns 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
50 
0 
55 
0 
60 
0 
70 
ns 
DF 


toH 
Output 
Hold from OE, CE or 
0 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to tAcc - tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to leE -toE after the falling 
edge of CE without 
impact 
on tCEor by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 
Output Test Load 


5.0V 


< 


3.0V 
AC 
DRIVING 
LEVELS 
O.OV 
tA, tF < 5 ns 


AC 
MEASUREMENT 
LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS'tOES 
Address, OE Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


les 
Chip Select Set-up Time 
0 
ns 


tCH 
Chip Select Hold Time 
0 
ns 


twP 
Write Pulse Width (WE or CE) 
100 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH'tOEH 
Data, OE Hold Time 
0 
ns 


tev 
Time to Data Valid 
NR(1) 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_IN 
t_DV_=t::::tD::::s::::::::::::::::::::::::::::t::::DH=3~---- 


tAH 
Wi:: 


CE 
tWPH 


tWP 


DATA 
IN 
tDV=ftDS 
tDH3 


Symbol 
Parameter 
Min 
Max 
Units 


I AT28C256 
10 
ms 
twc 
Write 
Cycle Time 
I AT28C256F 
3.0 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSLc 
Byte Load Cycle Time 
150 
!is 


tWPH 
Write 
Pulse Width 
High 
50 
ns 


I~--------------(/II-I-----------(//-- 


--~ 


x__ ~~ 


BYTE62~: 
I 


~tWC-j 


Notes: 
1. 
A6 through 
A 14 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE). 


2. 
OE must be high only when 
WE and CE are both Jow. 


VIH 
CE 


VIL 


VH 
DE 


VIH 


VIH 
WE 
VIL 


ts = tH = 5 !isec 
(min.) 


tw = 10 msec 
(min.) 


VH = 12.0V ± 0.5V 
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Software 
Data Protection 
Enable Algorithm(1) 
Software 
Data Protection 
Disable Algorithm(1) 


ENTER 
DATA 


PROTECT 
STATE 


Notes for software 
program code: 


1. 
Data Format: 1/07 - 1/00 (Hex); 
Address 
Format: A14 - AO (Hex). 


2. 
Write Protect state will be activated 
at end of 
write even if no other data is loaded. 


3. 
Write Protect state will be deactivated 
at end of 
write period even if no other data is loaded. 


4. 
1 to 64 bytes of data are loaded. 


r-----------.')/ 
~ 


r-----------.'7/ 
/__ 


~-~ 


BYTE 62 
BYTE 63I-- tWc------1 


Notes: 
1. 
A6 through A14 must specify the same page address during each high to low transition of WE (or CE) after the software 
code has been entered. 


2. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
0 
ns 


laEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output Delay(2} 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


laE 
OE to Output Delav'2) 
ns 


laEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms(1)(2)(3) 


WE 


Notes: 
1. 
Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 
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N 1.3 
o 


r 
1.2 
m 
a 
I 
1.1 
I 
z 
e 
1.0 
d 


I 
0.9 


C 
C 0.8 


·55 


N 1.1 
o 


r 
1.0 
m 
a 
I 
0.9 


I 
z 
e 
0.8 
d 


I 
0.7 


C 
C 0.8 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED 
SUPPLY CURRENT vs. 


ADDRESS FREQUENCY 
--- 
----- 
- 


Vcc=5V 
T=25C 


234 


Frequency (MHz) 
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NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


o 
r 
m 
1.2 
a 
I 


i 
1.0 
z 
e 
d 


I 
C 
C 0.6 
4.50 
4.75 
5.00 
5.25 
Supply Voltage (V) 


tAcc 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


150 
50 
0.2 
AT28C256(E,F)-15JC 
32J 
Commercial 


AT28C256(E,F)-15PC 
28P6 
(O°C to 70°C) 


AT28C256(E,F)-15SC 
28S 


AT28C256(E,F)-15TC 
28T 


AT28C256(E,F)-15JI 
32J 
Industrial 


AT28C256(E, 
F)-15PI 
28P6 
(-40°C 
to 85°C) 


AT28C256(E,F)-15SI 
285 


AT28C256(E,F)-15TI 
28T 


50 
0.3 
AT28C256(E,F)-15DM/883 
28D6 
Military/883C 


AT28C256(E,F)-15FM/883 
28F 
Class 
B, Fully Compliant 


AT28C256(E,F)-15LM/883 
32L 
(-55°C 
to 125°C) 


AT28C256(E,F)-15UM/883 
28U 


200 
50 
0.2 
AT28C256(E,F)-20JC 
32J 
Commercial 


AT28C256(E,F)-20PC 
28P6 
(O°C to 70°C) 


AT28C256(E,F)-20SC 
28S 


AT28C256(E,F)-20TC 
28T 


AT28C256(E,F)-20JI 
32J 
Industrial 


AT28C256(E,F)-20PI 
28P6 
(-40°C 
to 85°C) 


AT28C256(E,F)-20SI 
285 


AT28C256(E,F)-20TI 
28T 


50 
0.3 
AT28C256(E,F)-20DM/883 
28D6 
Military/883C 


AT28C256(E,F)-20FM/883 
28F 
Class 
B, Fully Compliant 


AT28C256(E,F)-20LM/883 
32L 
(-55°C 
to 125°C) 


AT28C256(E,F)-20UM/883 
28U 


Package 
Type 


2806 
28-Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


28F 
28-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


32L 
32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOl C) 


28T 
28-Lead, 
Plastic 
Thin 
Small 
Outline 
Package 
(TSoP) 


28U 
28-Pin, 
Ceramic 
Pin Grid 
Array 
(PGA) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 10 ms 


E 
High Endurance 
Option: 
Endurance 
= lOOK Write 
Cycles 


F 
Fast Write 
Option: 
Write 
Time = 3 ms 
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tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


250 
50 
0.2 
AT28C256(E,F)-25JC 
32J 
Commercial 


AT28C256(E,F)-25PC 
28P6 
(DOC to 70°C) 


AT28C256-W 
DIE 


AT28C256(E,F)-25J1 
32J 
Industrial 


AT28C256(E,F)-25PI 
28P6 
(-40°C 
to 85°C) 


50 
0.3 
AT28C256(E,F)-25DM/883 
28D6 
Military/883C 


AT28C256(E,F)-25FM/883 
28F 
Class 
B, Fully Compliant 


AT28C256(E,F)-25LM/883 
32L 
(-55°C 
to 125°C) 


AT28C256(E,F)-25UM/883 
28U 


AT28C256(E,F)-35UM/883 
28U 


150(3) 
50 
0.35 
5962-88525 
16 UX 
28U 
Military/883C 


5962-88525 
16 XX 
28D6 
Class 
B, Fully Compliant 


5962-88525 
16 YX 
32L 
(-55°C 
to 125°C) 


5962-88525 
16 ZX 
28F 


5962-88525 
15 UX 
28U 
Military/883C 


5962-88525 
15 XX 
28D6 
Class 
B, Fully Compliant 


5962-88525 
15 YX 
32L 
(-55°C 
to 125°C) 


5962-88525 
15 ZX 
28F 


5962-88525 
14 UX 
28U 
Military/883C 


5962-88525 
14 XX 
28D6 
Class 
B, Fully Compliant 


5962-8852514 
YX 
32L 
(-55°C 
to 125°C) 


5962-88525 
14 ZX 
28F 


Package 
Type 


2806 
28-Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


28F 
28-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


32L 
32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Duallnline 
Package 
(PDIP) 


28U 
28-Pin, 
Ceramic 
Pin Grid 
Array 
(PGA) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 10 ms 


E 
High Endurance 
Option: 
Endurance 
= 1OOK Write 
Cycles 


F 
Fast Write 
Option: 
Write 
Time = 3 ms 


tACC 
Icc(mA) 


(n5) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 
150(3) 
50 
0.35 
5962-8852508 UX 
28U 
Military/883C 
5962-8852508 XX 
2806 
Class B, Fully Compliant 
5962-88525 08 YX 
32L 
(-55°C to 125°C) 


5962-88525 08 ZX 
28F 


5962-88525 07 UX 
28U 
Military/883C 
5962-88525 07 XX 
2806 
Class B, Fully Compliant 


5962-88525 07 YX 
32L 
(-55°C to 125°C) 


5962-88525 07 ZX 
28F 


5962-88525 06 UX 
28U 
Military/883C 
5962-88525 06 XX 
2806 
Class B, Fully Compliant 


5962-88525 06 YX 
32L 
(-55°C to 125°C) 


5962-88525 06 ZX 
28F 


200(3) 
50 
0.35 
5962-88525 12 UX 
28U 
Military/883C 
5962-88525 12 XX 
2806 
Class B, Fully Compliant 


5962-88525 12 YX 
32L 
(-55°C to 125°C) 


5962-8852512 ZX 
28F 


50 
0.35 
5962-88525 04 UX 
28U 
Military/883C 
5962-88525 04 XX 
2806 
Class B, Fully Compliant 
5962-88525 04 YX 
32L 
(-55°C to 125°C) 


5962-88525 04 ZX 
28F 


250(3) 
50 
0.35 
5962-88525 13 UX 
28U 
Military/883C 
5962-88525 13 XX 
2806 
Class B, Fully Compliant 


5962-88525 13 YX 
32L 
(-55°C to 125°C) 


5962-88525 13 ZX 
28F 


5962-88525 11 UX 
28U 
Military/883C 
5962-88525 11 XX 
2806 
Class B, Fully Compliant 
5962-88525 11 YX 
32L 
(-55°C to 125°C) 


5962-88525 11 ZX 
28F 


Package Type 


2806 
28-Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip) 


28F 
28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32L 
32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28U 
28-Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 
AlmEL 
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tAee 
lee (mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


250 
50 
0.35 
5962-88525 05 UX 
28U 
Military/883C 
5962-8852505 XX 
2806 
Class B, Fully Compliant 
5962-88525 05 YX 
32L 
(-55°C to 125°C) 


5962-88525 05 ZX 
28F 


5962-88525 03 UX 
28U 
Military/883C 
5962-88525 03 XX 
2806 
Class B, Fully Compliant 
5962-8852503 YX 
32L 
(-55°C to 125°C) 


5962-88525 03 ZX 
28F 


300 
50 
0.35 
5962-88525 10 UX 
28U 
Military/883C 
5962-88525 10 XX 
2806 
Class B, Fully Compliant 
5962-88525 10 YX 
32L 
(-55°C to 125°C) 


5962-88525 10 ZX 
28F 


50 
0.35 
5962-88525 02 UX 
28U 
Military/883C 
5962-88525 02 XX 
2806 
Class B, Fully Compliant 
5962-88525 02 YX 
32L 
(-55°C to 125°C) 


5962-88525 02 ZX 
28F 


350 
50 
0.35 
5962-88525 09 UX 
28U 
Military/883C 
5962-8852509 XX 
2806 
Class B, Fully Compliant 


5962-88525 09 YX 
32L 
(-55°C to 125°C) 


5962-88525 09 ZX 
28F 


50 
0.35 
5962-88525 01 UX 
28U 
Military/883C 
5962-8852501 XX 
2806 
Class B, Fully Compliant 
5962-8852501 YX 
32L 
(-55°C to 125°C) 


5962-88525 01 ZX 
28F 


Notes: 
1. 
Electrical specifications for these speeds are defined by Standard Microcircuit Drawing 5962-88525. 


2. 
See Valid Part Numbers table below. 


3. 
SMD specifies Software Data Protection feature for device type, although Atmel product supplied to every device type in the 
SMD is 100"10 tested for this feature. 


Package Type 


2806 
28-Lead, 0.600" Wide, Non-Windowed, Ceramic Duallnline Package (Cerdip) 


28F 
28-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32L 
32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


28U 
28-Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 


F 
Fast Write Option: Write Time = 3 ms 


Valid Part Numbers 


The following 
table lists standard 
Atmel products 
that can be ordered. 


Device Numbers 
Speed 
Package and Temperature Combinations 


AT28C256 
15 
JC, JI, PC. PI, SC, SI, TC, TI, DM/883, FM/883, LM/883, UM/883 


AT28C256E 
15 
JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FMl883, LM/883, UMl883 


AT28C256F 
15 
JC, JI, PC, PI. SC, SI, TC, TI, DM/883. FM/883, LM/883, UMl883 


AT28C256 
20 
JC, JI, PC, PI. SC, SI, TC, TI, DM/883. FM/883, LM/883. UMl883 


AT28C256E 
20 
JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FM/883, LM/883. UMl883 


AT28C256F 
20 
JC, JI, PC, PI. SC, SI, TC. TI, DM/883, FM/883, LM/883, UMl883 


AT28C256 
25 
JC, JI, PC. PI, SC, SI, TC, TI, DM/883. FM/883, LM/883, UM/883 


AT28C256E 
25 
JC, JI, PC, PI, SC, SI, TC, TI, DM/883, FMl883, LMl883, UMl883 


AT28C256F 
25 
JC, JI, PC. PI. SC, SI, TC, TI, DM/883, FM/883, LM/883. UM/883 


AT28C256 
- 
W 
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• Fast Read Access Time - 120 ns 
• Automatic Page Write Operation 
- Internal Address and Data Latches for 128 Bytes 
- Internal Control Timer 
• Fast Write Cycle Time 
- Page Write Cycle Time - 10 ms Maximum 
- 1 to 128-Byte Page Write Operation 
• Low Power Dissipation 
- 40 mA Active Current 
- 200 IJACMOS Standby Current 
• Hardware and Software Data Protection 
• DATAPolling for End of Write Detection 
• High Reliability CMOS Technology 
- Endurance: 104 or 105 Cycles 
- Data Retention: 10 Years 
• Single 5V ± 10% Supply 
• CMOS and TTL Compatible Inputs and Outputs 
• JEDEC Approved Byte-Wide Pinout 
• Commercial and Industrial Temperature Ranges 


Description 


The AT28C010 
is a high-performance 
Electrically Erasable and Programmable 
Read 
Only Memory. Its 1 megabit of memory is organized as 131,072 words by 8 bits. Man- 
ufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device 
offers 
access times to 120 ns with power dissipation 
of just 220 mW. When the device is 
deselected, the CMOS standby current is less than 200 IJA. 
(continued) 
Pin Configurations 


Pin Name 
Function 


AO- A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00-1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


TSOP 
TopView 


PDIP 
TopView 
PLCC 
TopView 


Note: PLCC packagepins 1 and 
17 are DON'T CONNECT. 
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1-Megabit 


(128Kx8) 
• 
Paged Parallel 
EEPROMs 


AT28C010 
Commercial I 
Industrial 


The AT28C010 
is accessed 
like a Static RAM for the read 
or write cycle 
without 
the need for external 
components. 


The device contains 
a 128-byte 
page register to allow writ- 
ing of up to 128 bytes simultaneously. 
During a write cycle, 
the address 
and 
1 to 128 
bytes 
of data 
are internally 
latched, 
freeing 
the address 
and data bus for other opera- 
tions. Following 
the initiation 
of a write cycle, the device will 
automatically 
write the latched 
data using an internal 
con- 
trol timer. 
The 
end of a write 
cycle 
can be detected 
by 
DATA POLLING 
of 1/07, Once the end of a write cycle has 
been detected 
a new access for a read or write can begin. 


VCC 
-- 
GND 
-- 


OE'-- 
WE-- 
CE 


ADDRESS [== 
INPUTS 


---. 


OE, 
CE AND 
WE 
LOGIC 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
·O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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Atmel's 
28C010 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 


error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The device 
also 
includes 
an extra 
128 bytes 
of 
EEPROM 
for device identification 
or tracking. 


DATA INPUTS/OUTPUTS 
1/00 - 1/07 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The 
AT28C010 
is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their system. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE, 
whichever 
occu~ast. 
The data is latched by the first rising 
edge of CE or WE. Once a byte write 
has been started 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE WRITE: 
The page write operation 
of the AT28C010 
allows 
1 to 128 bytes of data to be written 
into the device 
during 
a single 
internal 
programming 
period. 
A page write 
operation 
is initiated 
in the same 
manner 
as a byte write; 
the first byte written can then be followed 
by 1 to 127 addi- 
tional 
bytes. 
Each successive 
byte must be written 
within 
150 Jls (tsLcl 
of the 
previous 
byte. 
If the 
tSLC limit 
is 
exceeded 
the AT28C010 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page 
write 
operation 
must 
reside 
on the same 
page ~ 
defined 
by the state 
of the A7 - A 16 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A7 - A16 must be the same. 


The AO to A6 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which are specified 
for writing will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA 
POLLING: 
The AT28C010 
features 
DATA Polling to 
indicate 
the end of a write 
cycle. 
During 
a byte or page 
write 
cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07, 
Once 
the write 
cycle 
has been 
completed, 
true 
data is valid on all outputs, 
and the next write 
cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: 
In addition 
to DATA Polling 
the AT28C010 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in 1/06 
toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent writes may occur during transitions 
of the host sys- 
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tem power supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against inadvertent 
writes to the AT28C010 
in the following 
ways: 
(a) Vcc sense-if 
Vcc is below 
3.8V (typical) 
the 
write function 
is inhibited; 
(b) V cc power-on 
delay-once 
Vcc has reached 3.8V the device will automatically 
time out 
5 ms (typical) 
before 
allowing 
a write; 
(c) write 
inhibit- 
holding 
anyone 
of OE low, CE high or WE high inhibits 
write cycles; and (d) noise filter-pulses 
of less than 15 ns 
(typical) 
on the WE or CE inputs 
will 
not initiate 
a write 
cycle. 


SOFTWARE 
DATA 
PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28C010. 
When 
enabled, 
the software 
data protection 
(SOP), 
will prevent 
inadvertent 
writes. 
The SOP feature 
may be enabled 
or disabled 
by the user; the AT28C010 
is 
shipped from Atmel with SOP disabled. 


SDP is enabled by the host system issuing a series of three 
write commands; 
three specific 
bytes of data are written to 
three specific 
addresses 
(refer to Software 
Data Protection 
Algorithm). 
After 
writing 
the 3-byte 
command 
sequence 
and after twc the entire AT28C01 0 will be protected 
against 
inadvertent 
write operations. 
It should 
be noted, that once 
protected 
the host may still perform 
a byte or page write to 
the AT28C010. 
This is done by preceding 
the data to be 
written 
by the same 
3-byte 
command 
sequence 
used to 
enable SOP. 


Once set, SOP will remain 
active 
unless 
the disable 
com- 
mand sequence 
is issued. 
Power transitions 
do not disable 
SOP and SOP will protect the AT28C010 
during 
power-up 
and power-down 
conditions. 
All command 
sequences 
must 
conform to the page write timing specifications. 
The data in 
the enable and disable 
command 
sequences 
is not written 
to the 
device 
and 
the 
memory 
addresses 
used 
in the 
sequence 
may be written with data in either a byte or page 
write operation. 


After setting SOP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device; 
however, 
for 
the duration 
of twc, read operations 
will effectively 
be poll- 
ing operations. 


DEVICE 
IDENTIFICATION: 
An 
extra 
128 
bytes 
of 
EEPROM 
memory are available to the user for device iden- 
tification. 
By raising 
A9 to 12V ± 0.5V and using address 
locations 
1FF80H to 1FFFFH the bytes may be written to or 
read from 
in the same 
manner 
as the 
regular 
memory 
array. 


OPTIONAL 
CHIP ERASE 
MODE: 
The entire 
device 
can 
be erased 
using a 6-byte software 
code. 
Please see Soft- 
ware Chip Erase application 
note for details. 


• 
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AT28C010·12 
AT28C010-15 
AT28C010-20 


Operating 
I Com. 
O°C -lO°C 
O°C -lO°C 
O°C -lO°C 


Temperature 
(Case) 
I Ind. 
-40°C 
- 85°C 
-40°C 
- 85°C 
-40°C 
- 85°C 


Vcc Power Supply 
5V± 
10% 
5V± 
10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
V1L 
DIN 


StandbylWrite 
Inhibit 
VIH 
X(1) 
X 
High Z 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Notes: 
1. 
X can be VIL or V1H. 


2. 
Refer to AC Programming 
Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V1N= OV to Vcc + 1V 
10 
~ 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
~A 


IS81 
V cc Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1V 
200 
~A 


IS82 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1V 
3 
mA 


Ice 
V cc Active 
Current 
f = 5 MHz; lOUT= 0 mA 
40 
mA 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH1 
Output 
High Voltage 
IOH= -400 ~A 
2.4 
V 


VOH2 
Output 
High Voltage 
CMOS 
IOH= -100 ~A; Vcc = 4.5V 
4.2 
V 


AT28C010·12 
AT28C010-15 
AT28C01D-20 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
120 
150 
200 
ns 


t 
(1) 
CE to Output 
Delay 
120 
150 
200 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
0 
50 
0 
55 
0 
55 
ns 
OE 
t 
(3)(4) 
CE or OE to Output 
Float 
0 
50 
0 
55 
0 
55 
ns 
DF 


lcH 
Output 
Hold from OE, CE or 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 
• 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC. 


2. 
OE may be delayed 
up to tCE - tOE after the falling edge of CE without 
impact 
on tCEor by tACC• tOE after an address 
change 
without 
impact 
on tACC. 


3. 
tDF is specified 
from 
OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 
LEVELS 


AC 
MEASUREMENT 
LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
10 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, OE Hold Time 
0 
ns 


AC Write Waveforms 


WE Controlled 


OE 


tWP 


DATA_'_N 
f=tD=s========tD=H=3 
_ 


CE Controlled 


OE 


tWP 


DATA_IN 
~<E=tD=s=======tD=H=3~---- 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle 
Time 
10 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSLc 
Byte Load Cycle Time 
150 
l!S 


tWPH 
Write 
Pulse Width 
High 
50 
ns 


__ ~/~-------------~/II-I 
--------- 
//-- 


;: 


;: 


BYTE 3 
BYTE126~; 
I 
~tWc--l 


x__ ~;~ 


Notes: 
1. 
A7 through 
A 16 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE). 


2. 
DE must be high only when 
WE and CE are both low. 


Chip Erase Waveforms 


VIH 


CE 
VIL 


VH 


OE 


VIH 


VIH 


WE 
VIL 


ts = 5 l!sec 
(min.) 


tw = tH = 10 msec 
(min.) 


VH = 12.0V ± 0.5V 
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Software 
Data Protection 
Enable Algorithm(1) 
Software 
Data Protection 
Disable Algorithm(1) 


Notes for software 
program 
code: 


1. 
Data Format: 1/07 - 1/00 (Hex); 
Address 
Format: A14 - AO (Hex). 


2. 
Write Protect state will be activated 
at end of 
write even if no other data is loaded. 


3. 
Write Protect state will be deactivated 
at end of 
write period even if no other data is loaded. 


4. 
1 to 128 bytes of data are loaded. 


~-------------~///~/_--------~7/ 
/- 


~--------~7/ 
/- 


~--------~)/ 
/- 


--~ 
BYTE 126 
BYTE 127 
I-- twc--l 


1. AOthrough A14 must conform to the addressing sequence for the first 3 bytes as shown above. 


2. 
After the command sequence has been issued and a page write operation follows, the page address inputs (A7 - A16) must 
be the same for each high to low transition of WE (or CE). 


3. 
DE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 
we. 
• 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output Delay(2) 
ns 


toEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms 


~ 


Notes: 
1. Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 
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tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


120 
40 
0.2 
AT28C010(E)-12JC 
32J 
Commercial 


AT28C010(E)-12PC 
32P6 
(0° to 700e) 


AT28C010(E)-12TC 
32T 


40 
0.2 
AT28C010(E)-12JI 
32J 
Industrial 
AT28C010(E)-12PI 
32P6 
(-40° to 85°C) 


AT28C010(E)-12TI 
32T 


150 
40 
0.2 
AT28C010(E)-15JC 
32J 
Commercial 


AT28C010(E)-15PC 
32P6 
(0° to 70°C) 


AT28C010(E)-15TC 
32T 


40 
0.2 
AT28C010(E)-15J1 
32J 
Industrial 


AT28C010(E}-15PI 
32P6 
(-40° to 85°C) 


AT28C010(E)-15TI 
32T 


200 
40 
0.2 
AT28C010(E)-20JC 
32J 
Commercial 


AT28C010(E)-20PC 
32P6 
(0° to 70°C) 


AT28C010(E)-20TC 
32T 


40 
0.2 
AT28C010(E)-20JI 
32J 
Industrial 


AT28C010(E)-20PI 
32P6 
(-40° to 85°C) 


AT28C010(E)-20TI 
32T 


Package Type 


32J 
32-Lead, Plastic J-Leaded Chip Carrier (PLCC) 


32P6 
32-Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


32T 
32-Lead, Plastic Thin Small Outline Package (TSOP) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 


Valid Part Numbers 


The following 
table lists standard 
Atmel products that can be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28C010 
12 
JC, JI, PC, PI, TC, TI 


AT28C010E 
12 
JC, Jr, PC, PI, TC, TI 


AT28C010 
15 
JC, JI, PC, PI, TC, TI 


AT28C010E 
15 
JC, JI, PC, PI, TC, TI 


AT28C010 
20 
JC, JI, PC, PI, TC, TI 


AT28C010E 
20 
JC, JI, PC, PI, TC, TI 


AT28C010 
- 
W 
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• Fast Read Access Time - 120 ns 
• Automatic 
Page Write Operation 


Internal Address and Data Latches for 128-Bytes 
Internal Control Timer 
• Fast Write Cycle Time 
Page Write Cycle Time ·10 ms Maximum 
1 to 128-Byte Page Write Operation 


• Low Power Dissipation 
80 mA Active Current 
300 IlA CMOS Standby Current 


• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 


Endurance: 
104 or 10' Cycles 


Data Retention: 
10 Years 
• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte-Wide Pinout 


Description 


The AT28C010 
is a high-performance 
Electrically 
Erasable 
and Programmable 
Read 


Only Memory. 
Its one megabit 
of memory 
is organized 
as 131,072 
words 
by 8 bits. 
Manufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers 


access 
times to 120 ns with power dissipation 
of just 440 mW. When 
the device 
is 


deselected, 
the CMOS standby 
current is less than 300 1lA. 
(continued) 


Pin Name 
Function 


AO- A16 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


CERDIp, FLATPACK 


Top View 
44 LCC 
Top View 


CDl()..,.MN_.MN_O 
o ..,...,...•...,."'39 
A13 


A8 


A9 
All 


NC 


NC 


NC 


NC 


OE 


A10 
C< 


A12 


A7 


AS 
AS 


NC 


NC 


NC 


A4 


A3 


A2 


A1 
17~ 
~ 
~ 
N 
~ 
~ 
~ 
~ 
~ 
~ re29 
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32 LCC 
Top View 


A7 


AS 
AS 


A4 


A3 


A2 


A1 


AO 


1/00 
13:!~ ~ ~ ~ ~ ~1 


PGA 


Top View 


4 
3 
1 
27 
26 


A6 
A7 
A14 
WE 
A13 


5 
2 
28 
24 
25 


AS 
A12 
vcc 
A9 
AS 


7 
6 
29 
22 
23 
A3 
A4 
Al5 
OE 
All 


9 
8 
30 
20 
21 


Al 
A2 
A16 
C"E 
Al0 


11 
10 
14 
16 
19 
VOO 
AO 
GND 
V04 
V07 


12 
13 
15 
17 
18 
VOl 
V02 
V03 
V05 
V06 
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1-Megabit 


(128KX8) 
• 
Paged Parallel 
EEPROMs 


AT28C010 
Military 


The AT28C01 0 is accessed 
like a Static RAM for the read 
or write 
cycle 
without 
the need for external 
components. 
The device contains 
a 128-byte 
page register to allow writ- 
ing of up to 128-bytes 
simultaneously. 
During a write cycle, 
the 
address 
and 
1 to 128-bytes 
of data 
are internally 


latched, 
freeing 
the address 
and data bus for other opera- 
tions. Following 
the initiation of a write cycle, the device will 
automatically 
write the latched 
data using an internal 
con- 
trol timer. 
The 
end of a write 
cycle 
can be detected 
by 


VCC 
__ 


GND-- 


CE--~ 
WE 
__ 
CE, CE' AND 
WE 
LOGIC 
CE 
~ 
_ 


ADDRESS [== 
INPUTS - 


Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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DATA POLLING 
of 1/07. Once the end of a write cycle has 
been detected 
a new access for a read or write can begin. 


Atmel's 
28C010 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
128-bytes 
of 
EEPROM 
for device identification 
or tracking. 


DATA INPUT~OUTPUTS 
1/00 - 1/07 
t 
t 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


V-GATING 


CELL 
MATRIX 


IDENTIFICATION 


Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Device Operation 


READ: 
The AT28C01 
0 is accessed 
like a Static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their system. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE. 
whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write has been started 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc• a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE WRITE: 
The page write operation 
of the AT28C01 0 
allows 
1 to 128-bytes 
of data to be written 
into the device 
during 
a single 
internal 
programming 
period. A page write 
operation 
is initiated 
in the same manner 
as a byte write; 


the first byte written can then be followed 
by 1 to 127 addi- 
tional 
bytes. 
Each successive 
byte must be written 
within 
150 Ils 
(tSLe> of the 
previous 
byte. 
If the 
tSLC limit 
is 
exceeded 
the AT28C010 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page 
write 
operation 
must 
reside 
on the same 
page as defined 
by the state of the A7 - A16 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A7 - A16 must be the same. 


The AO to A6 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which 
are specified 
for writing will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA POLLING: 
The AT28C010 
features 
DATA Polling to 
indicate 
the end of a write 
cycle. 
During 
a byte or page 
write 
cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07. Once 
the write 
cycle 
has been completed, 
true 
data is valid on all outputs, 
and the next write 
cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28C010 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in 1/06 
toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent writes may occur during transitions 
of the host sys- 
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tem power 
supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28C01 0 in the following 
ways: (a) Vcc sense - if Vcc is below 3.8V (typical) the write 
function 
is inhibited; 
(b) Vcc power-on 
delay - once Vcc has 
reached 
3.8V the device 
will automatically 
time out 5 ms 
(typical) 
before 
allowing 
a write: 
(c) write 
inhibit 
- holding 
anyone 
of OE low, 
CE high 
or WE high 
inhibits 
write 
cycles; 
(d) noise filter - pulses 
of less than 15 ns (typical) 
• 
on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has 
been 
implemented 
on the 
AT28C010. 
When 
enabled, 
the software 
data protection 
(SDP), 
will prevent 
inadvertent 
writes. 
The SDP feature 
may be enabled 
or disabled 
by the user; the AT28C01 0 is 
shipped from Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three 
write commands; 
three specific 
bytes of data are written to 
three specific 
addresses 
(refer to Software 
Data Protection 
Algorithm). 
After 
writing 
the 3-byte 
command 
sequence 
and after twc the entire AT28C01 0 will be protected 
against 
inadvertent 
write operations. 
It should 
be noted, that once 
protected 
the host may still perform 
a byte or page write to 
the AT28C010. 
This is done by preceding 
the data to be 
written 
by the same 
3-byte 
command 
sequence 
used to 
enable SDP. 


Once set, SDP will remain 
active 
unless 
the disable 
com- 
mand sequence 
is issued. Power transitions 
do not disable 
SDP and SDP will protect the AT28C010 
during 
power-up 
and power-down 
conditions. 
All command 
sequences 
must 
conform 
to the page write timing specifications. 
The data in 
the enable and disable 
command 
sequences 
is not written 
to the 
device 
and 
the 
memory 
addresses 
used 
in the 
sequence 
may be written with data in either a byte or page 
write operation. 


After setting SDP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device; 
however, 
for 
the duration 
of twc, read operations 
will effectively 
be poll- 
ing operations. 


DEVICE 
IDENTIFICATION: 
An 
extra 
128-bytes 
of 
EEPROM 
memory are available 
to the user for device iden- 
tification. 
By raising 
A9 to 12V ± 0.5V and using address 
locations 
1FF80H to 1FFFFH the bytes may be written to or 
read 
from 
in the same 
manner 
as the 
regular 
memory 
array. 


OPTIONAL 
CHIP ERASE 
MODE: 
The entire 
device 
can 
be erased 
using a 6-byte software 
code. 
Please see Soft- 
ware Chip Erase application 
note for details. 
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AT28C010-12 
AT28C010·15 
AT28C010-20 
AT28C01D-25 


Operating 
I Mil. 
-55°C 
- 125°C 
·55°C - 125°C 
-55°C 
- 125°C 
·55°C 
- 125°C 
Temperature 
(Case) 


Vee Power Supply 
5V± 
10% 
5V± 
10% 
5V± 
10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
VO 


Read 
V1L 
V1L 
V1H 
DOUT 


Write 
(2) 
V1L 
V,H 
V,L 
D'N 


StandbylWrite 
Inhibit 
V1H 
X (1) 
X 
HighZ 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
V1L 
X 


Output 
Disable 
X 
V,H 
X 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Reier to AC Programming 
Wavelorms 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
V,N=OVtoVee+1V 
10 
IlA 


ILa 
Output 
Leakage 
Current 
Vvo = OV to Vee 
10 
IlA 


ISB1 
Vee Standby 
Current 
CMOS 
CE = Vee - 0.3V to Vee + 1V 
300 
IlA 


ISB2 
Vee Standby 
Current 
TTL 
CE = 2.0V to Vee + 1V 
3 
mA 


Ice 
Vee Active 
Current 
I = 5 MHz; lOUT= 0 mA 
80 
mA 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH1 
Output 
High Voltage 
10H= -400 IlA 
2.4 
V 


VOH2 
Output 
High Voltage 
CMOS 
10H= -100 IlA; Vce = 4.5V 
4,2 
V 


AT28C010·12 
AT28C010·15 
AT28C010·20 
AT28C010·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
120 
150 
200 
250 
ns 


leE (1) 
CE to Output 
Delay 
120 
150 
200 
250 
ns 


t 
(2) 
OE to Output 
Delay 
0 
50 
0 
55 
0 
55 
0 
55 
ns 
OE 


t 
DF 


(3. 4) 
CE or OE to Output 
Float 
0 
50 
0 
55 
0 
55 
0 
55 
ns 


IoH 
Output 
Hold from OE, CE or 
0 
0 
0 
0 
ns 
Address, 
whichever 
occurred 
first 


Notes: 
1. 
CE may be delayed 
up to IACC- ICE atter the address 
transition 
without 
impact 
on IACC' 


2. 
OE may be delayed 
up to tCE - tOE atter the falling 
edge of CE wilhout 
impact 
on tCEor by IACC- tOE atter an address 
change 
without 
impact 
in tACC' 


3. 
tDF is specified 
from OE or CE wichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% 
tested. 


Input Test Waveforms 
and 
Measurement 
Level 


< 


3.0V 
AC 


DRIVING 
LEVELS 
O.OV 


AC 


MEASUREMENT 


LEVEL 


5.0V 
1'sh 


OUTPUT 
PIN 


1.31< 
~ 
l00pF 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
10 
pF 
V1N=OV 


COUT 
8 
12 
pF 
VOUT= 
OV 
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Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write Cycle Time 
10 
ms 


tAS 
Address Set-up Time 
0 
ns 


tAH 
Address Hold Time 
50 
ns 


tos 
Data Set-up Time 
50 
ns 


tOH 
Data Hold Time 
0 
ns 


twP 
Write Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
~s 


tWPH 
Write Pulse Width High 
50 
ns 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_I_N 
~f=t=D=S========tD=H=3------ 


CE Controlled 


OE 


tWP 


DATA_,_N 
~f=tD=S========tD=H=3----- 


Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address. 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


les 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse 
Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data. OE Hold Time 
0 
ns 


/---------------/I-I---------~/f__ 


--~ 


:~: 
_X__ ~:~ 


BYTE 
3 
~ 
BYTE126~: 
I 
~tWc-i 


Notes: 
1. 
A7 through 
A 16 must specify 
the page address 
during 
each high to low transition 
of WE (or CE). 


2. 
OE must be high only when 
WE and CE are both low. 


Chip Erase Waveforms 


VIH 


CE 
VIL 


VH 


OE 


VIH 


VIH 


WE 
VIL 


ts = 5 msec 
(min.) 


tw = tH = 10 msec 
(min.) 


VH = 12.0V ± 0.5V 
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Software 
Data 
Protection 
Enable Algorithm(1) 
Software 
Data 
Protection 
Disable Algorithm(1) 


Notes: 
1. 
Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO(Hex). 


2. 
Write Protect state will be activated at end of write 
even if no other data is loaded. 


3. 
Write Protect state will be deactivated at end of write 
period even if no other data if loaded. 


4. 
1 to 128 bytes of data are loaded. 


____/~-----------------,.'///r-/-----------;"'/~ 


~----------~/ 
~ 
~----------~/ 
~ 


~-~ 


BYTE 126 
BYTE 127 
I-- tWC--1 


Notes: 
1. AO- A14 must conform to the addressing sequence for the first 3 bytes as shown above. 


2. 
After the command sequence has been issued and a page write operation follows, the page address inputs (A7 - A16) must 
be the same for each high to low transition of WE (or CE). 


3. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay 
(2) 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


loEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay 
(2) 
ns 


loEHP 
OE High Pulse 
150 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
These 
parameters 
are characterized 
and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms(1)(2)(3) 


WE 


110612) 


Notes: 
1. 
Toggling 
either 
OE or CE or both OE and CE will operate 
toggle 
bit. 


2. 
Beginning 
and ending 
state of 1/06 will vary. 


3. 
Any addres 
location 
may be used but the address 
should 
not vary. 
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tAcc 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


120 
80 
0.3 
AT28C010(E)-12DM/883 
32D6 
Military/883C 


AT28C010(E)-12EM/883 
32L 
Class 
B, Fully Compliant 


AT28C010-12FM/883 
32F 
(-55°C 
to 125°C) 


AT28C010(E)-12LM/883 
44L 


AT28C010(E)-12UM/883 
30U 


150 
80 
0.3 
AT28C010(E)-15DM/883 
32D6 
Military/883C 


AT28C010(E)-15EM/883 
32L 
Class 
B, Fully Compliant 


AT28C010-15FM/883 
32F 
(-55°C 
to 125°C) 


AT28C010(E)-15LM/883 
44L 


AT28C010(E)-15UM/883 
30U 


200 
80 
0.3 
AT28C010(E)-20DM/883 
32D6 
Military/883C 


AT28C010(E)-20EM/883 
32L 
Class 
B, Fully Compliant 


AT28C010-20FM/883 
32F 
(-55°C 
to 125°C) 


AT28C010(E)-20LM/883 
44L 


AT28C010(E)-20UM/883 
30U 


250 
80 
0.3 
AT28C010(E)-25DM/883 
32D6 
Military/883C 


AT28C010(E)-25EM/883 
32L 
Class 
B, Fully Compliant 


AT28C010-25FM/883 
32F 
(-55°C 
to 125°C) 


AT28C010(E)-25LM/883 
44L 


AT28C010(E)-25UM/883 
30U 


Package 
Type 


3206 
32-Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
(Cerdip) 


32F 
32-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


32L 
32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


44L 
44-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


3DU 
3D-Pin, 
Ceramic 
Pin Grid Array (PGA) 


W 
Die 
, 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 10 ms 


E 
High Endurance 
Option: 
Endurance 
= 100K Write 
Cycles 


tACC 
Icc (mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


120 
80 
0.3 
5962-38267 07 MXX 
32D6 
Military/883C 
5962-38267 07 MZX 
32F 
Class B, Fully Compliant 
5962-38267 07 MYX 
44L 
(-55°C to 125°C) 
5962-38267 07 MTX 
30U 


150 
80 
0.3 
5962-38267 05 MXX 
32D6 
Military/883C 
5962-38267 05 MUX 
32L 
Class B, Fully Compliant 
5962-38267 05 MZX 
32F 
(-55°C to 125°C) 
5962-38267 05 MYX 
44L 
5962-38267 05 MTX 
30U 


200 
80 
0.3 
5962-38267 03 MXX 
32D6 
Military/883C 
5962-38267 03 MUX 
32L 
Class B, Fully Compliant 
5962-38267 03 MZX 
32F 
(-55°C to 125°C) 
5962-38267 03 MYX 
44L 
5962-38267 03 MTX 
30U 


250 
80 
0.3 
5962-38267 01 MXX 
32D6 
Military/883C 
5962-38267 01 MUX 
32L 
Class B, Fully Compliant 
5962-38267 01 MZX 
32F 
(-55°C to 125°C) 
5962-38267 01 MYX 
44L 
5962-38267 01 MTX 
30U 


Package Type 


3206 
32-Lead, 0.600" Wide, Non-Windowed, Ceramic Duallnline (Cerdip) 


32F 
32-Lead, Non-Windowed, Ceramic Bottom-Brazed Flat Package (Flatpack) 


32L 
32-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


44L 
44-Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


30U 
30-Pin, Ceramic Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard Device: Endurance = 10K Write Cycles; Write Time = 10 ms 


E 
High Endurance Option: Endurance = 100K Write Cycles 
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Valid Part Numbers 


The following 
table lists standard 
Atmel products 
that can be ordered. 


DeviceNumbers 
Speed 
Package and TemperatureCombinations 


AT28C010 
12 
OM/883, 
EM/883, 
FM/883, 
LM/883, 
UM/883 


AT28C010E 
12 
OM/883, 
EM/883, 
LM/883, 
UM/883 


AT28C010 
15 
OM/883, 
EM/883, 
FM/883, 
LM/883, 
UM/883 


AT28C010E 
15 
OM/883, 
EM/883, 
LM/883, 
UM/883 


AT28C010 
20 
OM/883, 
EM/883, 
FM/883, 
LM/883, 
UM/883 


AT28C010E 
20 
OM/883, 
EM/883, 
LM/883, 
UM/883 


AT28C010 
25 
OM/883, 
EM/883, 
FM/883, 
LM/883, 
UM/883 


AT28C010E 
25 
OM/883, 
EM/883, 
LM/883, 
UM/883 


AT28C010 
- 
W 


• Read Access Time - 200 ns 
• Automatic 
Page Write Operation 


- Internal Address and Data Latches for 256 Bytes 
- Internal Control Timer 
• Fast Write Cycle Time 
- Page Write Cycle Time -10 ms Maximum 
- 1 to 256 Byte Page Write Operation 


• Low Power Dissipation 
- 80 mA Active Current 
• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 


- Endurance: 
10,000 Cycles 


- Data Retention: 10 Years 


• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 


• JEDEC Approved Byte-Wide Pinout 


Description 


The AT28C040 
is a high-performance 
electrically 
erasable 
and programmable 
read 


only memory 
(EEPROM). 
Its 4 megabits 
of memory 
is organized 
as 524,288 
words by 


8 bits. Manufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device 


offers access times to 200 ns with power dissipation 
of just 440 mW. 


Pin Name 
Function 


AO- A18 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


Lce 
Top View 


A12 
7 co 
II') '0:1 CO)N 
;; 
~ 
~ 
~ 
:; 
~39 
A13 


A7 
8 
38 
A8 
A69 
37A9 
AS 
10 
36 
All 


NC 
11 
35 
NC 
NC 
12 
34 
NC 
NC 
13 
33 
NC 
A4 
14 
32 
NC 
A3 
15 
31 
OE 
A2 
16 
30 
Al0 


A1 
17~ 
~ 
~ 
N f:j gJ ~ 
~ 
re ~ re29 
CE 
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SIDE BRAZE, 


FLATPACK 
Top View 


A1IDEL 
••••••• 
,@ 


4-Megabit 
(512KxS) 
• 
Paged Parallel 
EEPROMs 


The AT28C040 
is accessed 
like a static 
RAM for the read 
or write cycle 
without 
the need for external 
components. 
The device contains 
a 256-byte 
page register to allow writ- 
ing of up to 256 bytes simultaneously. 
During a write cycle, 


the 
address 
and 
1 to 256 
bytes 
of data 
are internally 
latched, 
freeing 
the address 
and data bus for other opera- 
tions. Following 
the initiation 
of a write cycle, the device will 
automatically 
write the latched 
data using an internal 
con- 
trol timer. 
The 
end of a write 
cycle 
can be detected 
by 


VCC- 
GND- 


~~ 


ADDRESS [== 
INPUTS 


----. 


CE, cr AND M 
LOGIC 


Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including NC pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
·O.6Vto +13.5V 
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DATA POLLING 
of 1/07. Once the end of a write cycle has 
been detected, 
a new access for a read or write can begin. 


Atmel's 
AT28C040 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
256 
bytes 
of 
EEPROM 
for device identification 
or tracking. 


DATA LATCH 


INPUT/OUTPUT 
BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings· may cause permanent dam· 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Device Operation 


READ: 
The AT28C040 
is accessed 
like a static 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention in their systems. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE, 


whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write has been started, 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE WRITE: 
The page write operation 
of the AT28C040 
allows 
1 to 256 bytes of data to be written 
into the device 
during 
a single 
internal 
programming 
period. 
A page write 
operation 
is initiated 
in the same 
manner 
as a byte write; 
the first byte written can then be followed 
by 1 to 255 addi- 
tional 
bytes. 
Each successive 
byte must be written 
within 
150 lls 
(tslcl 
of the 
previous 
byte. 
If the 
tSlC limit 
is 
exceeded, 
the AT28C040 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page write 
operation 
must 
reside 
on the same 
page as defined 
by the state of the A8 - A 18 inputs. 
For 
each WE high to low transition 
during the page write opera- 
tion, A8 - A 18 must be the same. 


The AO to A7 inputs specify which bytes within the page are 
to be written. 
The bytes 
may be loaded 
in any order and 
may be altered 
within 
the same 
load period. 
Only bytes 
which are specified 
for writing 
will be written; 
unnecessary 
cycling of other bytes within the page does not occur. 


DATA POLLING: 
The AT28C040 
features 
DATA Polling to 
indicate 
the end of a write 
cycle. 
During 
a byte or page 
write cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07. Once 
the write 
cycle 
has been completed, 
true 
data is valid on all outputs, 
and the next write cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling, the AT28C040 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in 1/06 toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid data will be read. Reading 
the 
toggle bit may begin at any time during the write cycle. 


DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent writes may occur during transitions 
of the host sys- 
tem power supply. 
Atmel 
has incorporated 
both hardware 
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and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28C040 
in the following 
ways: (a) Vcc sense - if Vcc is below 3.8V (typical) the write 
function 
is inhibited; 
(b) Vcc power-on 
delay - once Vcc has 
reached 
3.8V the device 
will automatically 
time out 5 ms 
(typical) 
before 
allowing 
a write: 
(c) write inhibit 
- holding 
anyone 
of OE low, 
CE high 
or WE high 
inhibits 
write 
cycles; 
(d) noise filter - pulses 
of less than 15 ns (typical) 
on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA 
PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28C040. 
When 
enabled, 
the software 
data protection 
(SOP), 
will prevent 
inadvertent 
writes. 
The SOP feature 
may be enabled 
or disabled 
by the user; the AT28C040 
is 
shipped from Atmel with SOP disabled. 


SOP is enabled 
when the host system 
issues 
a series 
of 
three write commands; 
three specific bytes of data are writ- 
ten to three specific addresses 
(refer to Software 
Data Pro- 
tection 
Algorithm). 
After 
writing 
the 
3-byte 
command 
sequence 
and after twc, the entire AT28C040 
will be pro- 


tected 
against 
inadvertent 
write 
operations. 
It should 
be 
noted that once protected, 
the host can still perform 
a byte 
or page write to the AT28C040. 
To do so, the same 3-byte 
command 
sequence 
used to enable SOP must precede the 
data to be written. 


Once set, SDP will remain 
active 
unless the disable 
com- 
mand sequence 
is issued. Power transitions 
do not disable 
SOP, and SOP will protect the AT28C040 
during power-up 
and power-down 
conditions. 
All command 
sequences 
must 
conform 
to the page write timing specifications. 
The data in 
the enable and disable 
command 
sequences 
is not written 
to the 
device, 
and 
the memory 
addresses 
used 
in the 
sequence 
may be written with data in either a byte or page 
write operation. 


After setting SOP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device; 
however, 
for 
the duration 
of twc, read operations 
will effectively 
be poll- 
ing operations. 


DEVICE 
IDENTIFICATION: 
An 
extra 
256 
bytes 
of 
EEPROM 
memory are available to the user for device iden- 
tification. 
By raising 
A9 to 12V ± 0.5V and using address 
locations 
7FF80H 
to 7FFFFH, 
the bytes may be written 
to 
or read from in the same 
manner 
as the regular 
memory 
array. 


OPTIONAL 
CHIP ERASE 
MODE: 
The entire 
device 
can 
be erased using a 6-byte software 
erase code. Please see 
Software 
Chip Erase application 
note for details. 


• 
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AT28C040-20 
AT28C040-25 


Operation 
Operation 


Read 
Program 
Read 
Program 


Operating 
Commercial 
O°C -lO°C 
O°C· lO°C 
O°C -lO°C 
O°C - lO°C 


Temperature 
Industrial 
-40°C - 85°C 
-40°C 
- 85°C 
-40°C 
- 85°C 
-40°C 
- 85°C 
(Case) 
Extended 
-55°C - 125°C 
·40°C 
- 85°C 
-55°C 
- 125°C 
-40°C 
- 85°C 


Vcc Power Supply 
5V±10% 
5V± 
10% 
5V± 
10% 
5V± 
10% 


Mode 
CE 
OE 
WE 
I/O 


Read 
V1L 
V1L 
V1H 
DOUT 


Write(2) 
V1L 
V1H 
V1L 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(1) 
X 
HighZ 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
V1H 
X 
High Z 


Notes: 
1. 
X can be V1Lor V1H. 


2. 
Refer to AC Programming 
Waveforms. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = OV to Vee + 1V 
10 
l!A 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
l!A 


IS81 
Vec Standby 
Current 
CMOS 
CE = Vcc - 0.3V to Vcc + 1V 
3 
mA 


IS82 
Vec Standby 
Current 
TTL 
CE = 2.0V to Vce + 1V 
3 
mA 


Ice 
VeeActive 
Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH1 
Output 
High Voltage 
10H= -400 l!A 
2.4 
V 


VOH2 
Output 
High Voltage 
CMOS 
IOH= -100 l!A; Vee = 4.5V 
4.2 
V 


AT28C040·20 
AT28C040·25 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
200 
250 
ns 


IcE(') 
CE to Output 
Delay 
200 
250 
ns 


IoE(2) 
OE to Output 
Delay 
0 
55 
0 
55 
ns 


t 
(3)(4) 
CE or OE to Output 
Float 
0 
55 
0 
55 
ns 
OF 


IoH 
Output 
Hold from OE, CE or Address, 
whichever 
occurred 
first 
0 
0 
ns 


Note: 
1. 
CE May be delayed 
up to tACC- tCE after the address 
transition 
wihtout 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE - tOEafter the falling 
edge of CE without 
impact 
on icE or by tAcC • tOE after an address 
change 


without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE, whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


< 


3.0Y 
AC 
DR lYING 


LEVELS 
O.OY 


AC 


MEASUREMENT 


LEVEL 


5.0V,.s!l 
OLrrPLrr 
PIN 


'.31< 
:r; 100 pF 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
10 
pF 
VIN = OV 


COUT 
8 
12 
pF 
VOUT=OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address. 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


IcH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, OE Hold Time 
0 
ns 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_IN 
~fl=D=S======lD=H=3----- 


IWP 


DATA_IN 
f=ID=S======lD=H=3· _~~ 
_ 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle Time 
10 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
Ils 


tWPH 
Write 
Pulse Width 
High 
50 
ns 


___ /--------------~/I_I 
---~/I-- 


;_:_x_~:~ 


;: 


BYTE 3 
BYTE254~: 
I 


~tWc-i 


Notes: 
1. 
A8 through 
A 18 must specify 
the page address 
during 
each high to low transition 
of WE (or CEl. 


2. 
OE must be high only when 
WE and CE are both low. 
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Software 
Data 
Protection 
Enable Algorithm(1) 
Software 
Data 
Protection 
Disable Algorithm(1) 


Notes: 
1. 
Data Format: 1/07 - 1/00 (Hex); 
Address Format: A14 - AO (Hex). 


2. 
Write Protect state will be activated at end of write 
even if no other data is loaded. 


3. 
Write Protect state will be deactivated at end of write 
period even if no other data is loaded. 


4. 
1 to 256 bytes of data are loaded. 


~~-------------...,,;"'//-/_----------/";'/ 
/-- 


~---------~7/ 
/-- 


~---------~/ 
/-- 


~-~ 


BYTE254 
BYTE255 
I-- tWc---I 


Notes: 
1. 
AO- A14 must conform to the addressing sequence for the first 3 bytes as shown above. 


2. 
After the command sequence has been issued and a page write operation follows, the page address inputs (A8 - A18) must 
be the same for each high to low transition of WE (or CE). 


3. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tDH 
Data Hold Time 
10 
ns 


toEH 
OE Hold Time 
10 
ns 


toE 
OE to Output Delay(2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 
2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
-- 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


toE 
OE to Output Delay(2) 
ns 


toEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms(1)(2)(3) 


WE 


Notes: 
1. 
Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 
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tACC 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


200 
80 
3 
AT28C040-20BC 
32B 
Commercial 


AT28C040-20FC 
32F 
(0° to 70°C) 


AT28C040-20LC 
44L 


80 
3 
AT28C040-20BI 
32B 
Industrial 


AT28C040-20FI 
32F 
(-40° to 85°C) 


AT28C040-20Ll 
44L 


80 
3 
AT28C040-20BI 
SL703 
32B 
Extended 


AT28C040-20FI 
SL703 
32F 
(See DC and AC Operating 


AT28C040-20Ll 
SL703 
44L 
Range 
Table) 


250 
80 
3 
AT28C040-25BC 
32B 
Commercial 


AT28C040-25FC 
32F 
(0° to 70°C) 


AT28C040-25LC 
44L 


80 
3 
AT28C040-25BI 
32B 
Industrial 


AT28C040-25FI 
32F 
(-40° to 85°C) 


AT28C040-25L1 
44L 


80 
3 
AT28C040-25BI 
SL703 
32B 
Extended 


AT28C040-25FI 
SL703 
32F 
(See DC and AC Operating 


AT28C040-25L1 
SL703 
44L 
Range 
Table) 


Valid Part Numbers 


The 
following 
table 
lists 
standard 
Atmel 
products 
that 
can 
be ordered. 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28C040 
20 
BC, BI, FC, FI, LC, L1, BI SL703, 
FI SL703, 
LI SL703 


AT28C040 
25 
BC, BI, FC, FI, LC, L1, BI SL703, 
FI SL703, 
LI SL703 


Package 
Type 


32B 
32-Lead, 
0.600" 
Wide, 
Ceramic 
Side Braze 
Duallnline 
(Side Braze) 


32F 
32-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


44L 
44-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write 
Time = 10 ms 


• Fast Read Access Time - 55 ns 
• Automatic 
Page Write Operation 


- Internal Address and Data Latches for 64 Bytes 


• Fast Write Cycle Times 


- Page Write Cycle Time: 10 ms Maximum 
- 1 to 64-Byte Page Write Operation 


• Low Power Dissipation 


- 40 mA Active Current 
- 100 IJA CMOS Standby Current 


• Hardware and Software Data Protection 
• DATA Polling and Toggle Bit for End of Write Detection 
• High Reliability 
CMOS Technology 


- Endurance: 
100,000 Cycles 


- Data Retention: 
10 Years 


• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 


• JEDEC Approved 
Byte-Wide Pinout 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT28HC64B 
is a high-performance 
electrically 
erasable 
and programmable 
read 
only memory 
(EEPROM). 
Its 64K of memory 
is organized 
as 8,192 words 
by 8 bits. 
Manufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS technology, 
the device offers 
access 
times 
to 55 ns with power 
dissipation 
of just 220 mW. When 
the device 
is 
deselected, 
the CMOS standby 
current is less than 100 llA. 
(continued) 


Pin Name 
Function 


AO- A12 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


PLCC 
Top View 


PDIP, SOIC 
Top View 


TSOP 
Top View 


A6 


AS 


A4 


A3 


A2 


Al 


AO 


NC 


VOO 
13~ 
';! ~ 
~ 
~ 
~ 
~21 


Note: PLCC package pins 1 and 17 are 
DON'T CONNECT. 
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64K (8K X 8) 


High Speed 
II 
Parallel 
EEPROMs with 
Page Write and 
Software Data 
Protection 


The AT28HC64B 
is accessed 
like a Static 
RAM for the 


read or write 
cycle 
without 
the need for external 
compo- 
nents. The device contains 
a 64-byte page register to allow 


writing 
of up to 64 bytes 
simultaneously. 
During 
a write 


cycle, the addresses 
and 1 to 64 bytes of data are internally 


latched, 
freeing 
the address 
and data bus for other opera- 


tions. Following 
the initiation of a write cycle, the device will 


automatically 
write the latched 
data using an internal 
con- 
trol timer. 
The 
end of a write 
cycle 
can be detected 
by 


VCC 
__ 


GND-- 
OE=1 
WE-- 
cr 


ADDRESS [== 
INPUTS 


-----. 


DE, cr AND WE 
LOGIC 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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DATA 
Polling 
of 1/07' Once the end of a write 
cycle 
has 


been detected, 
a new access for a read or write can begin. 


Atmel's AT28HC64B 
has additional 
features 
to ensure high 


quality 
and manufacturability. 
The device 
utilizes 
internal 


error correction 
for extended 
endurance 
and improved 
data 


retention. 
An optional 
software 
data protection 
mechanism 
is available 
to guard against inadvertent 
writes. The device 


also 
includes 
an extra 
64 bytes 
of EEPROM 
for device 


identification 
or tracking. 


DATA LATCH 


INPUT/OUTPUT 


BUFFERS 


Y-GATING 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28HC64B 
is accessed 
like a Stalic 
RAM. 
When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high- 
impedance 
state when either 
CE or OE is high. This dual 
line control gives designers 
flexibility 
in preventing 
bus con- 
tention 
in their systems. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 


The address 
is latched 
on the falling 
edge of CE or WE, 
whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write has been started, 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling 
opera- 
tion. 


PAGE 
WRITE: 
The 
page 
write 
operation 
of 
the 
AT28HC64B 
allows 
1 to 64 bytes of data to be written 
into 
the device 
during 
a single 
internal 
programming 
period. 
A 
page write operation 
is initiated 
in the same 
manner 
as a 
byte write; after the first byte is written, 
it can then be fol- 
lowed 
by 1 to 63 additional 
bytes. 
Each successive 
byte 
must be loaded within 
150 Ils (tsLcl of the previous 
byte. If 
the tSLC limit 
is exceeded, 
the AT28HC64B 
will 
cease 
accepting 
data and commence 
the internal 
programming 
operation. 
All bytes 
during 
a page write 
operation 
must 
reside on the same page as defined 
by the state of the A6 
to A 12 inputs. For each WE high to low transition 
during the 
page write operation, 
A6 to A12 must be the same. 


The AO to AS inputs specify which bytes within the page are 
to be written. 
The bytes 
may be loaded 
in any order 
and 
may be altered 
within 
the same 
load period. 
Only 
bytes 
which are specified 
for writing will be written; 
unnecessary 
cycling of other bytes within the page does not occur. 


DATA POLLING: 
The AT28HC64B 
features 
DATA Polling 
to indicate 
the end of a write cycle. 
During a byte or page 
write cycle, 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07, 
Once 
the write 
cycle 
has been 
completed, 
true 
data is valid 
on all outputs, 
and the next write cycle 
may 
begin. DATA Polling may begin at any time during the write 
cycle. 


TOGGLE 
BIT: 
In 
addition 
to 
DATA 
Polling, 
the 
AT28HC64B 
provides 
another 
method 
for determining 
the 
end of a write cycle. During the write operation, 
successive 
attempts 
to read data from the device will result in 1/06 tog- 
gling between 
one and zero. Once the write has completed, 
1/06 will stop toggling, 
and valid data will be read. Toggle bit 
reading may begin at any time during the write cycle. 
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DATA 
PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent writes may occur during transitions 
of the host sys- 


tem power supply. 
Atmel 
has incorporated 
both hardware 
and software 
features 
that will protect the memory 
against 
inadvertent 
writes. 


HARDWARE 
DATA 
PROTECTION: 
Hardware 
features 
protect against inadvertent 
writes to the AT28HC64B 
in the 
following 
ways: 
(a) Vcc sense-if 
Vcc is below 3.8V (typi- 
cal). 
the write 
function 
is inhibited; 
(b) V cc power-on 
delay-once 
Vcc has reached 
3.8V, 
the device 
will auto- 


matically 
time out 5 ms (typical) 
before 
allowing 
a write; 
• 
(c) write inhibit-holding 
anyone 
of OE low, CE high or WE 
high inhibits write cycles; and (d) noise filter-pulses 
of less 
than 15 ns (typical) 
on the WE or CE inputs will not initiate 
a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software-controlled 
data 
protection 
feature 
has 
been 
implemented 
on the 
AT28HC64B. 
When enabled, 
the software 
data protection 
(SOP), 
will prevent 
inadvertent 
writes. 
The SOP feature 
may be enabled or disabled 
by the user; the AT28HC64B 
is 
shipped from Atmel with SOP disabled. 


SOP is enabled 
by the user issuing 
a series of three write 
commands 
in which three specific 
bytes of data are written 
to three specific addresses 
(refer to the Software 
Data Pro- 
tection Algorithm 
diagram 
in this data sheet). 
After writing 
the 3-byte command 
sequence 
and waiting 
twc, the entire 
AT28HC64B 
will be protected 
against 
inadvertent 
writes. 
It 
should 
be noted that even after SOP is enabled, 
the user 
may still perform 
a byte or page write to the AT28HC64B. 


This 
is done 
by preceding 
the data to be written 
by the 
same 3-byte command 
sequence 
used to enable SOP. 


Once set, SOP remains active unless the disable command 
sequence 
is issued. 
Power transitions 
do not disable 
SOP, 


and SOP protects 
the AT28HC64B 
during 
power-up 
and 
power-down 
conditions. 
All command 
sequences 
must 
conform to the page write timing specifications. 
The data in 
the enable and disable command 
sequences 
is not actually 
written 
into the device; their addresses 
may still be written 
with user data in either a byte or page write operation. 


After setting SOP, any attempt to write to the device without 
the 3-byte 
command 
sequence 
will start the internal 
write 
timers. 
No data will be written 
to the device, 
however. 
For 
the duration 
of twc, read operations 
will effectively 
be poll- 
ing operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising 
A9 to 12V ± 0.5V and using address 
locations 
1FCOH to 1FFFH, the additional 
bytes may be written to or 
read 
from 
in the same 
manner 
as the 
regular 
memory 
array. 
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AT28HC64B-55 
AT28HC64B-70 
AT28HC64B-90 
AT28HC64B-120 


Operating 
I Com. 
O°C - 70°C 
O°C - 70°C 
O°C -70°C 
0°C·70°C 


Temperature 
(Case) 
I Ind. 
-40°C 
- 8SoC 
-40°C·8SoC 
-40°C 
- 8SoC 


Vcc Power 
Supply 
SV± 
10% 
SV± 
10% 
SV±10% 
SV ± 10% 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
VIL 
VIH 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbyIWrite 
Inhibit 
VIH 
Xl') 
X 
HighZ 


Write 
Inhibit 
X 
X 
VIH 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
VIL 
V 
(3) 
VIL 
High Z 
H 


Notes: 
1. 
X can be VIL or VIH. 


2. 
ReIer to the AC Write Waveforms 
diagrams 
in this data sheet. 


3. 
VH = 12.0V ± O.Sv. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = OV to Vcc + 1V 
10 
J.lA 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
10 
J.lA 


IS81 
Vcc Standby 
Current 
CMOS 
CE = Vcc' 
0.3V to Vcc + 1V I Com., 
Ind. 
100(') 
J.lA 


1582 
Vcc Standby 
Current 
TTL 
CE = 2.0V to Vcc + 1V 
2(') 
mA 


Ice 
VccActive 
Current 
I = S MHz; lOUT= 0 mA 
40 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.40 
V 


VOH 
Output 
High Voltage 
IOH= -400 J.lA 
2.4 
V 


AT28HC64B-55 
AT28HC64B-7D 
AT28HC64B-9D 
AT28HC64B·12D 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
55 
70 
90 
120 
ns 


t 
(1) 
CE to Output 
Delay 
55 
70 
90 
120 
ns 
CE 


t 
(2) 
OE to Output 
Delay 
0 
30 
0 
35 
0 
40 
0 
50 
ns 
OE 
t 
(3)(4) 
OE to Output 
Float 
0 
30 
0 
35 
0 
40 
0 
50 
ns 
OF 


tOH 
Output 
Hold 
0 
0 
0 
0 
ns • 


Notes: 
1. 
CE may be delayed 
up to tACC- tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to icE - tOE after the falling 
edge of CE without 
impact 
on icE or by tACC- tOE after an address 
change 


without 
impact 
on tACC' 


3. 
tOF is specified 
from OE or CE whichever 
occurs 
first (Cl = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


< 


3.DV 
AC 
DRIVING 
LEVELS 
D.DV 


tR, tF < 5 ns 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°c(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Unils 


lAS' tOES 
Address, 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


tCH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, OE Hold Time 
0 
ns 


AC Write Waveforms 


WE Controlled 


tWP 


DATA_I_N 
<f<=D=S=======tD=H=3 
_ 


CE Controlled 


OE 


tWP 


DATA_IN 
i<=D=S=======tD=H=3_---- 


Symbol 
Parameter 
Min 
Max 
Units 


twc 
Write 
Cycle 
Time 
10 
ms 


twc 
Write 
Cycle 
Time 
(28HC64B 
SL 184) 
0 
2 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tDS 
Data Set-up 
Time 
50 
ns 


tDH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSlC 
Byte Load Cycle Time 
150 
llS 


tWPH 
Write 
Pulse 
Width 
High 
50 
ns 


___ ~/--------------~/I~I 
---~/f-- 


~ 


:: 


BYTE 3 
BYTE62~: 
I 


~tWc--1 


Notes: 
1. 
A6 through 
A 12 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE). 


2. 
OE must be high only when WE and CE are both low. 


Chip Erase Waveforms 


VI 


CE 


VIL 


VH 


ts = tH = 5 llsec 
(min.) 


tw = 10 msec 
(min.) 


VH -12.0V 
± 0.5V 


OE 


VIH 


VIH 


WE 
VIL 


• 
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Software 
Data Protection 


Enable Algorithm(1) 


Software 
Data Protection 


Disable Algorithm(1) 


ENTER 
DATA 


PROTECT 
STATE 


Notes for software 
program code: 


1. 
Data Format: 1/07 - 1/00 (Hex); 
Address 
Format: A12 - AO (Hex). 


2. 
Write Protect state will be activated 
at end of 


write even if no other data is loaded. 


3. 
Write Protect state will be deactivated 
at end of 


write period even if no other data is loaded. 


4. 
1 to 64 bytes of data are loaded. 


~---------7/ 
/-- 


~---------7/ 
/-- 


~-~ 


BYTE 62 
BYTE 63I-- tWc---J 


Notes: 
1. A6 through A12 must specify the same page address during each high to Jowtransition of WE (or GE) after the software 
code has been entered. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


tOEH 
OE Hold Time 
0 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
This parameter 
is characterized 
and is not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 
• 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


tOEH 
OE Hold Time 
10 
ns 


tOE 
OE to Output 
Delay(2) 
ns 


tOEHP 
OE High Pulse 
150 
ns 


tWR 
Write 
Recovery 
Time 
0 
ns 


Notes: 
1. 
This parameter 
is characterized 
and is not 100% tested. 


2. 
See AC Read Characteristics. 
Toggle Bit Waveforms(1)(2)(3) 


WE 


Notes: 
1. 
Toggling 
either OE or CE or both OE and CE will operate 
toggle 
bit. 


2. 
Beginning 
and ending 
state of 1/06 will vary. 


3. 
Any address 
location 
may be used, 
but the address 
should 
not vary. 
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N 1.3 
o 


r 
1.2 
m 
a 
I 
1.1 
I 
z 
9 
1.0 
d 


I 
0.9 


C 
C 0.8 


·55 


o 
r 
1.0 
m 
a 
I 
0.9 
I 
z 
9 
0.8 
d 


I 
0.7 


C 
C 0.6 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED SUPPLY CURRENT vs. 
ADDRESS FREQUENCY 


234 
Frequency (MHz) 
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NORMALIZED 
SUPPLY CURRENT vs. 


SUPPLY VOLTAGE 


o 
r 
m 
1.2 
a 
I 
i 
1.0 
z 
9 
d 


I 
C 
C 0.6 
4.50 
4.75 
5.00 
5.25 


Supply Voltage (V) 


AT28HC648 
_ 


tACC 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


55 
40 
0.1 
AT28HC64B-55JC 
- 
32J 
Commercial 


AT28HC64B-55PC 
28P6 
O°C to 10°C) 


AT28HC64B-55SC 
28S 


10 
40 
0.1 
AT28HC64B-10JC 
32J 
Commercial 


AT28HC64B-70PC 
28P6 
(O°C to 10°C) 


AT28HC64B-10SC 
28S 


AT28HC64B-10TC 
28T 


40 
0.1 
AT28HC64B-10JI 
32J 
Industrial 


AT28HC64B-10PI 
28P6 
(-40°C 
to 85°C) 


AT28HC64B-10SI 
28S 


AT28HC64B-10TI 
28T 


90 
40 
0.1 
AT28HC64B-90JC 
32J 
Commercial 


AT28HC64B-90PC 
28P6 
(O°C to 10°C) 


AT28HC64B-90SC 
28S 


AT28HC64B-90TC 
28T 


40 
0.1 
AT28HC64B-90JI 
32J 
Industrial 


AT28HC64B-90PI 
28P6 
HO°C 
to 85°C) 


AT28HC64B-90SI 
28S 


AT28HC64B-90TI 
28T 


120 
40 
0.1 
AT28HC64B-12JC 
32J 
Commercial 


AT28HC64B-12PC 
28P6 
(O°C to 10°C) 


AT28HC64B-12SC 
28S 


AT28HC64B-12TC 
28T 


40 
0.1 
AT28HC64B-12JI 
32J 
Industrial 


AT28HC64B-12PI 
28P6 
HO°C 
to 85°C) 


AT28HC64B-12SI 
28S 


AT28HC64B-12TI 
28T 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small Outline 
Package 
(TSOP) 


W 
Die 


AlmEL 


• 
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Valid Part Numbers 


The following 
table lists standard 
Atmel products that can be ordered. 


Device Numbers 
Speed 
Package and Temperature Combinations 


AT28HC64B 
55 
PC, SC 


AT28HC64B 
70 
JI, PC, PI, SC, SI, TC, TI 


AT28HC64B 
90 
JI, PC, PI, SC, SI, TC, TI 


AT28HC64B 
12 
JI, PC, PI, SC, SI, TC, TI 


AT28HC64B 
- 
W 


• Fast Read Access Time - 70 ns 
• Automatic 
Page Write Operation 
- Internal Address and Data Latches for 64 Bytes 
- Internal Control Timer 
• Fast Write Cycle Times 
- Page Write Cycle Time: 3 ms or 10 ms Maximum 
- 1 to 64-Byte Page Write Operation 
• Low Power Dissipation 
- 80 mA Active Current 
- 3 mA Standby Current 
• Hardware and Software Data Protection 
• DATA Polling for End of Write Detection 
• High Reliability 
CMOS Technology 
- Endurance: 104 or 105 Cycles 
- Data Retention: 10 Years 
• Single 5V ± 10% Supply 
• CMOS and TTL Compatible 
Inputs and Outputs 
• JEDEC Approved Byte-Wide Pinout 
• Full Military, Commercial, 
and Industrial 
Temperature Ranges 


Description 


The AT28HC256 
is a high-performance 
Electrically 
Erasable 
and Programmable 
Read Only Memory. 
Its 256K of memory 
is organized 
as 32,768 words by 8 bits. Man- 
ufactured 
with Atmel's 
advanced 
nonvolatile 
CMOS 
technology, 
the AT28HC256 
(continued) 


TSOP 
Top View 
Pin Name 
Function 


AO-A14 
Addresses 


CE 
Chip Enable 


OE 
Output Enable 


WE 
Write Enable 


1/00 -1/07 
Data Inputs/Outputs 


NC 
No Connect 


DC 
Don't Connect 


LCC, PLCC 
CERDIp, PDIP, FLATPACK 
Top View 
Top View 


~~~g~~~ 
A,4 
28 
vcc 


A'2 
27 
WE 


A6 
A8 
A7 
26 
A'3 


AS 
A9 
A6 
25 
A8 


A4 
All 
AS 
24 
A9 


A3 
NC 
A4 
23 
All 


A2 
OE 
A3 
22 
OE 


A' 
AID 
A2 
21 
AID 


AD 
c<: 
A' 
20 
cr 


NC 
V07 
AD 
'9 
V07 


VOD 
V06 
VOD 
'8 
V06 


VO' 
17 
V05 


~~~g~~~ 


V02 
'6 
V04 


GND 
'5 
V03 


Note: PLCC package pins 1 and 
17 are DON'T CONNECT. 


PGA 
Top View 


4 
3 
1 
27 
26 
A6 
A7 
A14 
WE 
A13 


5 
2 
28 
24 
25 
AS 
A12 vcc 
A9 
A8 


7 
6 
22 
23 
A3 
A4 
OE 
A11 


9 
8 
20 
21 
A1 
A2 
"CE 
A10 


11 
10 
14 
16 
19 
1100 
AO 
GND 
1104 
1107 


12 
13 
15 
17 
18 
1101 
1102 
1103 1105 
1106 


AlmEL 


AlmEL 
® 


256 (32K X 8) 


High Speed 
• 
Parallel 
EEPROMs 


offers access times to 70 ns with power dissipation 
of just 
440 mW. When the AT28HC255 
is deselected, 
the standby 
current is less than 5 mA. 


The AT28HC255 
is accessed 
like a Static RAM for the read 
or write 
cycle without 
the need for external 
components. 
The device contains 
a 54-byte page register to allow writing 
of up to 54 bytes simultaneously. 
During a write cycle, the 
address 
and 1 to 54 bytes of data are internally 
latched, 
freeing 
the addresses 
and data bus for other 
operations. 


Following 
the initiation 
of a write cycle, the device will auto- 
matically 
write 
the latched 
data using an internal 
control 


timer. 
The end of a write cycle can be detected 
by DATA 


VCC 
__ 


GND-- 


OE-- 
WE-- 
CE 


ADDRESS [== 
INPUTS - 


CE, CE AND 
WE 
LOGIC 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


Voltage on OE and A9 
with Respect to Ground 
-O.6Vto +13.5V 
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polling 
of 1/07, 
Once 
the end of a write 
cycle 
has been 
detected 
a new access for a read or write can begin. 


Atmel's 
28HC255 
has additional 
features 
to ensure 
high 
quality 
and manufacturability. 
The device 
utilizes 
internal 
error correction 
for extended 
endurance 
and improved 
data 
retention 
characteristics. 
An optional 
software 
data protec- 
tion mechanism 
is available 
to guard 
against 
inadvertent 
writes. 
The 
device 
also 
includes 
an extra 
54 bytes 
of 
EEPROM 
for device identification 
or tracking. 


CELL 
MATRIX 


IDENTIFICATION 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability 


Device Operation 


READ: 
The AT28HC256 
is accessed 
like a Static 
RAM. 


When CE and OE are low and WE is high, the data stored 
at the memory 
location 
determined 
by the address 
pins is 
asserted 
on the outputs. 
The outputs 
are put in the high 
impedance 
state when either CE or OE is high. This dual- 
line control gives designers 
flexibility 
in preventing 
bus con- 


tention in their system. 


BYTE WRITE: 
A low pulse on the WE or CE input with CE 
or WE low (respectively) 
and OE high initiates a write cycle. 
The address 
is latched 
on the falling 
edge of CE or WE, 


whichever 
occurs last. The data is latched by the first rising 
edge of CE or WE. Once a byte write 
has been started 
it 
will automatically 
time 
itself 
to completion. 
Once 
a pro- 
gramming 
operation 
has been initiated 
and for the duration 
of twc, a read operation 
will effectively 
be a polling opera- 
tion. 


PAGE 
WRITE: 
The 
page 
write 
operation 
of 
the 
AT28HC256 
allows 
1 to 64 bytes of data to be written 
into 
the device 
during 
a single 
internal 
programming 
period. 
A 
page write operation 
is initiated 
in the same manner 
as a 
byte write; the first byte written can then be followed 
by 1 to 
63 additional 
bytes. 
Each successive 
byte must be written 
within 
150 Ils (tsLcl of the previous 
byte. If the tSLClimit is 
exceeded 
the AT28C256 
will cease 
accepting 
data and 
commence 
the internal 
programming 
operation. 
All bytes 
during 
a page write 
operation 
must 
reside 
on the same 
page as defined 
by the state of the A6 - A 14 inputs. That is, 
for each WE high to low transition 
during 
the page write 
operation, 
A6 - A14 must be the same. 


The AO to A5 inputs are used to specify which bytes within 
the page are to be written. The bytes may be loaded in any 
order and may be altered within the same load period. Only 
bytes which are specified 
for writing will be written; 
unnec- 
essary 
cycling 
of other 
bytes 
within 
the page 
does 
not 
occur. 


DATA POLLING: 
The AT28HC256 
features 
DATA Polling 
to indicate 
the end of a write cycle. 
During a byte or page 
write cycle 
an attempted 
read of the last byte written 
will 
result in the complement 
of the written data to be presented 
on 1/07, 
Once 
the write 
cycle 
has been 
completed, 
true 
data is valid on all outputs, 
and the next write cycle 
may 
begin. DATA Polling may begin at anytime 
during the write 
cycle. 


TOGGLE 
BIT: In addition 
to DATA Polling the AT28HC256 
provides 
another 
method for determining 
the end of a write 
cycle. 
During 
the write 
operation, 
successive 
attempts 
to 
read 
data 
from 
the 
device 
will 
result 
in 1/06 toggling 
between 
one and zero. Once the write has completed, 
1/06 
will stop toggling 
and valid 
data will be read. Testing 
the 
toggle bit may begin at any time during the write cycle. 


DATA PROTECTION: 
If precautions 
are not taken, 
inad- 
vertent 
writes 
to any 5-volt-only 
nonvolatile 
memory 
may 
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occur 
during 
transition 
of the host system 
power 
supply. 


Atmel 
has incorporated 
both hardware 
and software 
fea- 
tures 
that 
will 
protect 
the memory 
against 
inadvertent 
writes. 


HARDWARE 
PROTECTION: 
Hardware 
features 
protect 
against 
inadvertent 
writes to the AT28HC256 
in the follow- 
ing ways: 
(a) Vcc sense-if 
Vcc is below 3.8V (typical) 
the 
write function 
is inhibited; 
(b) V cc power-on 
delay-once 
Vcc has reached 3.8V the device will automatically 
time out 
5 ms typical) 
before allowing 
a write; (c) write inhibit-hold- 
ing anyone 
of OE low, CE high or WE high inhibits 
write 
cycles; and~ 
noise filter-pulses 
of less than 15 ns (typi- 
cal) on the WE or CE inputs will not initiate a write cycle. 


SOFTWARE 
DATA PROTECTION: 
A software 
controlled 
data 
protection 
feature 
has been 
implemented 
on the 
AT28HC256. 
When enabled, 
the software 
data protection 
(SDP), 
will prevent 
inadvertent 
writes. 
The SDP feature 
may be enabled or disabled 
by the user; the AT28HC256 
is 
shipped from Atmel with SDP disabled. 


SDP is enabled by the host system issuing a series of three 
write commands; 
three specific 
bytes of data are written to 
three specific 
addresses 
(refer to Software 
Data Protection 
Algorithm). 
After 
writing 
the 3-byte 
command 
sequence 
and 
after 
twc the 
entire 
AT28HC256 
will 
be protected 
against 
inadvertent 
write 
operations. 
It should 
be noted, 
that once 
protected 
the host may still perform 
a byte or 
page write to the AT28HC256. 
This is done by preceding 
the 
data 
to be written 
by the 
same 
3-byte 
command 
sequence. 


Once set, SDP will remain 
active unless 
the disable 
com- 
mand sequence 
is issued. Power transitions 
do not disable 
SDP and SDP will protect the AT28HC256 
during power-up 
and power-down 
conditions. 
All command 
sequences 
must 
conform 
to the page write timing 
specifications. 
It should 
also be noted that the data in the enable and disable 
com- 
mand sequences 
is not written to the device and the mem- 
ory addresses 
used in the sequence 
may be written 
with 
data in either a byte or page write operation. 


After setting SDP, any attempt to write to the device without 
the three 
byte command 
sequence 
will start the internal 
write timers. 
No data will be written to the device; 
however, 
for the duration 
of twc• read operations 
will effectively 
be 
polling operations. 


DEVICE 
IDENTIFICATION: 
An extra 64 bytes of EEPROM 
memory 
are available 
to the user for device 
identification. 


By raising 
A9 to 12V ± 0.5V and using address 
locations 
7FCOH to 7FFFH the additional 
bytes may be written to or 
read 
from 
in the same 
manner 
as the 
regular 
memory 
array. 


OPTIONAL 
CHIP ERASE 
MODE: 
The entire 
device 
can 
be erased 
using a 6-byte software 
code. 
Please 
see Soft- 
ware Chip Erase application 
note for details. 


• 
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AT28HC256-70 
AT28HC256·90 
AT28HC256·12 


Com. 
O·C - 70·C 
O·C -70·C 
O·C -70·C 


Operating 
Ind. 
-40·C 
- 85·C 
-40·C 
- 85·C 
-40·C 
- 85·C 
Temperature 
(Case) 
Mil. 
-55·C 
- 125·C 
-55·C 
- 125·C 


Vee Power Supply 
5V ± 10"10 
5V ± 10"10 
5V ± 10"10 


Mode 
CE 
OE 
WE 
VO 


Read 
VIL 
V1L 
V1H 
DOUT 


Write(2) 
VIL 
VIH 
VIL 
DIN 


StandbylWrite 
Inhibit 
V1H 
X(l) 
X 
High Z 


Write 
Inhibit 
X 
X 
V1H 


Write 
Inhibit 
X 
VIL 
X 


Output 
Disable 
X 
VIH 
X 
High Z 


Chip Erase 
V1L 
VH 
(3) 
VIL 
High Z 


Notes: 
1. 
X can be VIL or VIH. 


2. 
Refer to AC Programming 
Waveforms. 


3. 
VH = 12.0V ± 0.5V. 


Symbol 
Parameter 
Condition 
Min 
Max 
Units 


III 
Input Load Current 
VIN = OV to Vee + 1V 
10 
~ 


ILo 
Output 
Leakage 
Current 
Vvo = OV to Vee 
10 
IlA 


AT28HC256-90, 
-12 
3 
mA 
1561 
Vee Standby 
Current 
TTL 
CE = 2.0V to Vee + 1V 
AT28HC256-70 
60 
mA 


1562 
Vee Standby 
Current 
CMOS 
CE = -3.0V to Vee + 1V 
AT28HC256-90, 
-12 
300 
~ 


Ice 
VeeAetive 
Current 
f = 5 MHz; lOUT= 0 mA 
80 
mA 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
10L= 6.0 mA 
0.45 
V 


VOH 
Output 
High Voltage 
IOH= -4 mA 
2.4 
V 


AT28HC256·70 
AT28C256·90 
AT28HC256-12 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 
Units 


tACC 
Address 
to Output 
Delay 
70 
90 
120 
ns 


IcE(l) 
CE to Output 
Delay 
70 
90 
120 
ns 


t 
(2) 
OE to Output 
Delay 
0 
35 
0 
40 
0 
50 
ns 
OE 


tDF 
(3)(4) 
CE or OE to Output 
Float 
0 
35 
0 
40 
0 
50 
ns 


tOH 
Output 
Hold from OE, CE or Address, 
0 
0 
0 
ns 
whichever 
occurred 
first 
• 


Notes: 
1. 
CE may be delayed 
up to tACC• tCE after the address 
transition 
without 
impact 
on tACC' 


2. 
OE may be delayed 
up to tCE • tOE after the falling edge of CE without 
Impact 
on tCEor by tACC- tOE after an address 
change 
without 
impact 
on tACC' 


3. 
tDF is specified 
from OE or CE whichever 
occurs 
first (CL = 5 pF). 


4. 
This parameter 
is characterized 
and is not 100% tested. 


Input Test Waveforms 
and 
Measurement 
Level 


AC < 
DRIVING 
LEVELS 


AC 


MEASUREMENT 


LEVEL 


Pin Capacitance 


f = 1 MHz, T = 25°C(1) 


Symbol 
Typ 
Max 
Units 
Conditions 


CIN 
4 
6 
pF 
V1N= OV 


COUT 
8 
12 
pF 
VOUT= OV 
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Symbol 
Parameter 
Min 
Max 
Units 


tAS' tOES 
Address, 
OE Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tcs 
Chip Select 
Set-up 
Time 
0 
ns 


lcH 
Chip Select 
Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
(WE or CE) 
100 
ns 


tos 
Data Set-up 
Time 
50 
ns 


tOH' tOEH 
Data, OE Hold Time 
0 
ns 


tov 
Time to Data Valid 
NR(1) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
I AT28HC256 
5 
10 
ms 
twc 
Write 
Cycle Time 
I AT28HC256F 
2 
3.0 
ms 


tAS 
Address 
Set-up 
Time 
0 
ns 


tAH 
Address 
Hold Time 
50 
ns 


tos 
Data Set-up 
Time 
50 
ns 


toH 
Data Hold Time 
0 
ns 


twP 
Write 
Pulse Width 
100 
ns 


tSLC 
Byte Load Cycle Time 
150 
~s 


tWPH 
Write 
Pulse Width 
High 
50 
ns • 


---~/~-------------~/I~/ 
---~/I-- 


;: 


;: 


BYTE 3 


X__ -----f:~ 


BYTE62~: 
I 


~tWC-j 


Notes: 
1. 
A6 through 
A 14 must specify 
the same 
page address 
during 
each high to low transition 
of WE (or CE). 


2. 
OE must be high only when 
WE and CE are both low. 


ts = tH = 5 ~sec (min.) 


tw = 10 msec 
(min.) 


VH = 12.0V ± 0.5V 


VIH 
WE 
VIL 
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Software 
Data Protection 


Enable Algorithm(1) 


Software 
Data Protection 


Disable Algorithm(1) 


Notes for software 
program 
code: 


1. 
Data Format: 1/07 - 1/00 (Hex); 
Address 
Format: A14 - AO (Hex). 


2. 
Write Protect state will be activated 
at end of 
write even if no other data is loaded. 


3. 
Write Protect state will be deactivated 
at end of 


write period even if no other data is loaded. 


4. 
1 to 64 bytes of data are loaded. 


~~---------------,.";//r/----------'/;/ 
/-- 


----------;/ 
~ 


_-----------0/;/ /__ 


r---~~ 


BYTE 62 
BYTE 63 
f-- tWc------l 


Notes: 
1. A6 through A14 must specify the same page address during each high to low transition of WE (or CE) after the software 
code has been entered. 


2. 
OE must be high only when WE and CE are both low. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
0 
ns 


toEH 
OE Hold Time 
0 
ns 


toE 
OE to Output Delay<2) 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Data Polling Waveforms 


WE 
• 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


tOH 
Data Hold Time 
10 
ns 


toEH 
OE Hold Time 
10 
ns 


toE 
OE to Output Delay(2) 
ns 


toEHP 
OE High Pulse 
150 
ns 


tWR 
Write Recovery Time 
0 
ns 


Notes: 
1. These parameters are characterized and not 100% tested. 


2. 
See AC Read Characteristics. 


Toggle Bit Waveforms 


WE 


Notes: 
1. Toggling either OE or CE or both OE and CE will operate toggle bit. 


2. 
Beginning and ending state of 1/06 will vary. 


3. 
Any address location may be used but the address should not vary. 
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N 1.3 


o 


r 
1.2 
m 
a 
I 
1.1 
i 
ze 
1.0 


d 


I 
0.9 


C 
C 0.8 
-55 


N 1.1 


o 
r 
1.0 
m 
a 
I 
0.9 


I 
z 
e 
0.8 
d 


I 
0.7 


C 
C 0.6 
o 


NORMALIZED 
SUPPLY CURRENT 
vs. 


TEMPERATURE 


5 
35 
65 
Temperature (C) 


NORMALIZED 
SUPPLY CURRENT 
vs. 
ADDRESS 
FREQUENCY 


2 
4 
6 
8 
Frequency (MHz) 
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o 
r 
m 
1.2 
a 
I 


i 
1.0 
z 
e 
d 


I 
C 
C 0.6 
4.50 


NORMALIZED 
SUPPLY CURRENT 
vs. 


SUPPLY VOLTAGE 


4.75 
5.00 
5.25 
Supply Voltage (V) 


tAcc 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


70 
80 
60 
AT28HC256(E,F)-70JC 
32J 
Commercial 


AT28HC256(E,F)-70PC 
28P6 
(O°C to 70°C) 


0.3 
AT28HC256(E,F)-70JI 
32J 
Industrial 


AT28HC256(E,F)-70PI 
28P6 
(-40°C 
to 85°C) 


90 
80 
0.3 
AT28HC256(E,F)-90JC 
32J 
Commercial 


AT28HC256(E, 
F)-90PC 
28P6 
(O°C to 70°C) 


AT28HC256(E, 
F)-90JI 
32J 
Industrial 


AT28HC256(E,F)-90PI 
28P6 
(-40°C 
to 85°C) 


80 
0.3 
AT28HC256(E, 
F)-90DM/883 
28D6 
Military/883C 


AT28HC256(E, 
F)-90FM/883 
28F 
Class 
B, Fully Compliant 


AT28HC256(E, 
F)-90LM/883 
32L 
(-55°C 
to 125°C) 


AT28HC256(E, 
F)-90UM/883 
28U 


120 
80 
0.3 
AT28HC256(E,F)-12JC 
32J 
Commercial 


AT28HC256(E,F)-12PC 
28P6 
(O°C to 70°C) 


AT28HC256(E, 
F)-12SC 
285 


AT28HC256(E,F)-12TC 
28T 


80 
0.3 
AT28HC256(E,F)-12JI 
32J 
Industrial 


AT28HC256(E,F)-12PI 
28P6 
HO°C 
to 85°C) 


AT28HC256(E,F)-12SI 
285 


AT28HC256(E,F)-12TI 
28T 


80 
0.3 
AT28HC256(E,F)-12DM/883 
28D6 
Military/883C 


AT28HC256(E,F)-12FM/883 
28F 
Class 
B, Fully Compliant 


AT28HC256(E,F)-12LM/883 
32L 
(-55°C 
to 125°C) 


AT28HC256(E, 
F)-12UM/883 
28U 


• 


Package 
Type 


2806 
28-Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


28F 
28-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


32L 
32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


285 
28-Lead, 
0.300" 
Wide 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


28U 
28-Pin, 
Ceramic 
Pin Grid Array (PGA) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 10 ms 


E 
High Endurance 
Option: 
Endurance 
= 100K Write 
Cycles 


F 
Fast Write 
Option: 
Write Time = 3 ms 
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tACC 
Icc(mA) 


(ns) 
Active 
Standby 
Ordering Code 
Package 
Operation Range 


90 
80 
0.3 
5962-8863403 
UX 
28U 
Military/883C 


5962-8863403 
XX 
2806 
Class 
B, Fully Compliant 


5962-88634 
03 YX 
32L 
(-55°C 
to 125°C) 


5962-88634 
03 ZX 
28F 


80 
0.3 
5962-88634 
04 UX 
28U 
Military/883C 


5962-88634 
04 XX 
2806 
Class 
B, Fully Compliant 


5962-88634 
04 YX 
32L 
(-55°C 
to 125°C) 


5962-88634 
04 ZX 
28F 


120 
80 
0.3 
5962-88634 
01 UX 
28U 
Military/883C 


5962-88634 
01 XX 
2806 
Class 
B, Fully Compliant 


5962-88634 
01 YX 
32L 
(-55°C 
to 125°C) 


5962-88634 
01 ZX 
28F 


80 
0.3 
5962-88634 
02 UX 
28U 
Military/883C 


5962-88634 
02 XX 
2806 
Class 
B, Fully Compliant 


5962-8863402 
YX 
32L 
(-55°C 
to 125°C) 


5962-88634 
02 ZX 
28F 


Package Type 


2806 
28-Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual In line Package 
(Cerdip) 


28F 
28-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat P.ackage (Flatpack) 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


32L 
32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


28P6 
28-Lead, 
0.600" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


28S 
28-Lead, 
0.300" 
Wide 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


28U 
28-Pin, 
Ceramic 
Pin Grid Array 
(PGA) 


W 
Die 


Options 


Blank 
Standard 
Device: 
Endurance 
= 10K Write 
Cycles; 
Write Time = 10 ms 


E 
High Endurance 
Option: 
Endurance 
= 1OOK Write 
Cycles 


F 
Fast Write 
Option: 
Write Time = 3 ms 


Ordering Information 
Note 


Previous data sheets included the low power suffixes L, LE and LF on the At28HC256 for 120 ns and 90 ns speeds. 
The low power parameters are now standard; therefore, the L, LE and LF suffixes are no longer required. 


Valid Part Numbers 


The following 
table lists standard 
Atmel products 
that can be ordered: 


Device 
Numbers 
Speed 
Package 
and Temperature 
Combinations 


AT28HC256 
70 
JC, JI, PC, PI 


AT28HC256 
90 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 


AT28HC256E 
90 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 


AT28HC256F 
90 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 


AT28HC256 
12 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 


AT28HC256E 
12 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 


AT28HC256F 
12 
JC, JI, PC, PI, TC, TI, DM/883, 
FM/883, 
UM/883 
• 
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Advantages 
of EEPROMs 


EEPROMs 
provide 
the memory 
solution 
wherever 
reprogrammable, 
nonvolatile 
memory 
is required. 
They 
are easy 
to 


use, requiring 
little or no support 
hard- 
ware such as refresh clocks or batteries. 
Each memory location can be selectively 
changed 
without 
impact 
on any other 
location; 
blanket erasure and rewriting of 
the entire device or a large section of it is 
not required. 


EEPROMs 
made 
at 
Atmel 
were 
designed 
to provide 
the best features 
available. 
Atmel EEPROMs 
provide high 
speed 
read access 
times 
so that many 
applications 
can use them without insert- 
ing costly 
wait states. 
The 
page mode 
write 
operation 
of Atmel 
EEPROMs 
allows for the fastest 
effective 
write time 
available 
in EEPROM 
memories. 
Since 
all 
of Atmel's 
devices 
are 
made 
in 
CMOS, 
they 
offer 
the 
benefits 
of low 
operating 
and standby 
power. 


In order 
to take advantage 
of all of the 
benefits 
of Atmel 
EEPROMs, 
care must 
be taken to maintain 
the integrity 
of the 
data. 
While 
an EEPROM 
will 
retain 
its 
data 
for 
many 
years 
with 
or without 
power applied, 
improper 
operation 
of the 
device 
could 
result 
in data being 
inad- 
vertently 
rewritten. 


When is Data 
Susceptible 
to Corruption 


In the use of any memory 
device, 
it is 
expected 
that 
the 
data 
stored 
in it is 
available 
as it is written. 
This 
is espe- 
cially true of EEPROMs 
since their code 
often 
controls 
the operation 
of the sys- 
tem in which they are contained. 
Unlike 
most other memory types that are rewrit- 
ten 
in systems, 
EEPROMs 
are 
often 
expected 
to retain their data for a period 
of many 
years, 
with 
or without 
power 
applied and during power transitions. 
For 
these 
reasons, 
added attention 
is given 
to avoid corrupting 
data in EEPROMs. 


Figure 
1. 
Hardware 
Data Protection 
- Power 
Level Sense 
Detector 
and Power 
On 
Delay Timer 


WRITES 
PROHIBITED 
BY Vcc 


LEVEL 
DETECT 


WRITES 
PROHIBITED 
BY DELAY 
TIMER 
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Parallel 
EEPROMs • 
Application 
Note 


There are a number 
of situations 
in which 
data is particu- 


larly prone to corruption. 
These situations 
include powering 
on and off of the devices, 
noise spikes on the control 
lines 


and system 
glitches. 
Atmel 
EEPROMs 
include 
features 
to 


help protect 
against 
each 
of these 
potential 
sources 
of 


inadvertent 
writes. 
Atmel data protection 
features 
are bro- 
ken down into two different types: hardware 
data protection 


features 
and software 
data protection 
features. 


Atmel Hardware Data Protection 
Features 


Atmel 
EEPROMs 
include 
four different 
types of hardware 


data protection. 
These features 
provide 
protection 
against 


most inadvertent 
writes that might occur in a system. Atmel 


hardware 
data protection 
features 
include: 
three line write 


control, 
power level sense detector, 
power on delay timer 


and noise filters on CE and WE. 


THREE-LINE 
WRITE 
CONTROL: 
In order 
to write 
a 


device the OE signal must be high with the CE and WE sig- 
nals low. Holding any of the three lines in the opposite 
state 


will prohibit 
a write cycle. 
For example, 
whenever 
the OE 


signal is low, a write to the device cannot be started. 


POWER 
LEVEL SENSE 
DETECTOR: 
An active circuit in 


Atmel EEPROMs 
monitors the level of the supply voltage to 


the device. 
If the supply 
is below 
3.8 volts, 
typical, 
write 


cycles to the devices can not be activated. 


POWER 
ON DELAY 
TIMER: 
As power 
is applied 
to 


Atmel EEPROMs, 
the power level sense detector 
will issue 


an internal signal that indicates that the supply is above the 
sense 
level. At this time an internal 
timer 
is initiated 
that 


times out in typically 
5 ms. During this time period, writes to 


the device 
cannot 
be performed. 
This delay period serves 


two purposes. 
First, 
it allows 
the supply 
level 
additional 


Figure 2. Hardware 
Data Protection 
- Noise Filter 


VWE 
(VOLTS) 


I •• 
•. I 


SHORT NOISE 
GLITCH DOESN'T 
START WRITE 
CYCLE 
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time to rise to within the standard 
operating 
region before 


writes are permitted. 
Secondly, 
it lets the system 
stabilize 
and present 
the correct 
levels 
to the control 
pins of the 


EEPROM 
so that the EEPROM 
doesn't 
react to its inputs 
before they are actually valid. Figure 1 shows the combined 
action 
of the power 
supply 
level 
detector 
and the delay 
timer upon writes to the device. 


NOISE 
FILTERS 
ON WE AND CE: 
If brief noise pulses 
below V1H occur 
on the WE or CE inputs 
to the device, 
a 
write cycle will not be initiated. 
Internal 
to the EEPROM, 
a 


noise filter 
does 
not allow 
the short 
pulses 
to activate 
a 


write cycle. As shown in Figure 2, write pulses of sufficient 
length will still initiate 
writes 
but short noise spikes 
on the 
WE or CE control lines will not. 


Atmel Software 
Data Protection 


Feature 


Available 
on some 
Atmel 
EEPROMs 
is a user selectable 


feature that requires 
a software 
sequence 
at the beginning 
of each write cycle in order for a write to be performed. 
To 
enable 
the software 
data protection 
feature, 
a series 
of 
three-write 
commands 
to specific 
addresses 
with specific 
data must be performed. 
Once set, the same 3-byte 
code 
must begin each write 
request. 
(A separate 
write cycle to 
enable 
the software 
feature 
is not necessary; 
after 
any 
write 
that is preceded 
with the 3-byte 
code, 
the software 
data protection 
function 
will be enabled, 
see Figure 3.) The 


feature 
may be disabled 
by issuing 
a 6-byte 
code to the 
device 
as shown 
in Figure 4. After being set, the software 
data protection 
feature 
remains active until its disable com- 
mand 
is issued. 
Power 
transitions 
will not reset the soft- 


ware data protection 
feature, 
but the feature 
will prevent 


against inadvertent 
writes during power transitions. 


WRITE PULSE 
OF MIN SPEC 
VALUE INITIATES 
PROPER WRITE CYCLE 


The software 
data protection 
feature 
protects 
data against 
various causes 
of inadvertent 
writes. 
Since it is active dur- 
ing power transitions 
it protects 
data when powering 
on or 
off the device. 
Noise spikes that occur on the control 
lines 
will be ignored since they will not show the correct address 
and data needed 
to start a write 
cycle. 
Even for system 
malfunctions, 
such 
as when 
write 
pulses 
of adequate 
length 
are given 
to the device, 
the software 
feature 
can 
prevent 
the corruption 
of the data in the EEPROM. 
The 
address 
locations 
used for the software 
code are not sacri- 
ficed from the usable memory array. The device recognizes 
the software 
code and does not alter the data stored at the 
address 
locations 
of the code. 
Byte locations 
of code are 
still usable, and don't have to be rewritten. 


System Design Considerations 


Designing 
systems 
with data integrity 
in mind can greatly 
reduce 
the chance 
of lost data. The amount 
of attention 
needed 
depends 
upon the nature of the design. 
Following 
are a few areas that might need special attention 
in certain 
designs. 


External Power On Protection 


Many systems will have a PON (power on) signal to control 
the operation 
of the system. 
Such a signal 
can be gated 
with the logic creating the OE signal to the EEPROM, 
hold- 
ing OE low when the PON signal is false. Similarly, 
a PON- 
type signal could be gated with the WE or CE logic, forcing 
WE or CE high when writes should not be allowed. 


If the system does not include a PON-type 
signal, one can 
be created 
from various 
programmable 
voltage 
reference 
devices. 
With such a device, 
the user can select the volt- 
age supply level below which the device cannot be written. 
It should 
be noted 
that 
in many 
systems, 
using 
Atmel's 


Figure 3. Software 
Data Protection 
- Enable 


EEPROMS 
with their 
internal 
power 
level 
detection 
and 
power 
delay 
timer, 
no additional 
power 
on circuitry 
is 
required for the device. 


Multiple Power Supplies 


In systems 
that utilize 
more than one power supply, 
extra 
care must be taken 
during 
power 
transitions 
to both the 
EEPROM 
and the devices 
controlling 
the inputs 
to the 
EEPROM. 
Power 
on rates 
of the different 
supplies 
are 
likely 
to vary. 
Using 
programmable 
voltage 
reference 
devices to detect the power level of both supplies 
and forc- 
ing the OE pin low when 
either 
line is below 
the desired 
3 


level may be used in such situations 
to avoid inadvertent 
writes. 


Memory Cards 


Since memory 
cards are often pushed 
into and pulled out 
of systems 
that are already 
powered 
on, they have addi- 


tional chances 
of inadvertent 
writes. 
If the edge connector 
is arranged 
such 
that 
power 
and 
control 
lines 
are not 
asserted 
in a prescribed 
manner, false writes to the device 
may occasionally 
occur 
depending 
upon how the card is 
inserted. 
To provide 
proper 
power on sequencing, 
a card 
could be designed 
with its control 
pins recessed 
from the 
edge of the card. Resistors 
would be placed on the card to 
connect 
CE and 
WE 
to Vcc 
and 
OE to ground. 
This 
arrangement 
insures 
that 
power 
is first 
applied 
to the 
device 
and that the control 
pins are not in the write state 
until each pin is being controlled 
by the host system. Varia- 
tions of this technique 
may be used effectively 
in different 
systems; 
the basic idea is to guarantee 
systematic 
applica- 
tion of the power and control 
pins such that a write state is 
not entered 
upon insertion 
or removal 
of the card from the 
host. 
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The entire device 
can be erased 
at one 
time 
by using 
a 6-byte 
software 
code. 


The software 
chip erase code consists of 
6-byte 
load 
commands 
to specific 
address 
locations 
with specific 
data pat- 


terns. Once the code has been entered, 
the device 
will set each byte to the high 
state 
(FFH). 
After 
the 
software 
chip 
Chip Erase Cycle Characteristics 


erase has been initiated, 
the device 
will 
internally 
time 
the erase 
operation 
so 
that no external 
clocks are required. The 
maximum 
time 
required 
to erase 
the 
whole 
chip is tEC (20 ms). The software 
data protection 
is still enabled 
even after 
the software 
chip erase is performed. 


tEC 
Chip Erase Cycle Time 
20 ms Max 


Note: 
1. 
Please refer to individual data sheets for the minimum and maximum values of the 
tAS'tAH,tos, tOH'tWI' tSLc,and tWPHparameters. 


LOAD DATAAA 
TO 
ADDRESS 5555 


LOAD DATA 55 
TO 
ADDRESS 2AAA 


LOAD DATA 80 
TO 
ADDRESS 5555 


LOAD DATAAA 
TO 


ADDRESS 5555 


LOAD DATA 55 
TO 


ADDRESS 2AAA 


LOAD DATA 10(2) 


TO 
ADDRESS 5555 


Notes: 
1. 
Data Format: (Hex); Address Format: (Hex). 


2. 
After loading the 6-byte code, no byte loads are allowed until the completion of the 
erase cycle. The erase cycle will time itself to completion in 20 ms (max). 


3. 
The flow diagram shown is for a x8 part. For a x16 part, the data should be 16 bits 
long (e.g., the data to be loaded should be AAAA for step 1 in the algorithm). 


AlmEL 


AlmEL 
••••••• 
'@ 


Parallel 
EEPROMs • 
Application 
Note 


AlmEL 


BYrE 
ADDRESS 


SECTOR 
ADDRESS 


~----------------;7/r-- 


Programmers That Support 
Atmel Memory Products 


The following 
programmers 
support 
Atmel memory products. Please contact 
the companies 
individually 
to find out if 


Advin Systems 
Inc. 
1050-L East Duane Avenue 
Sunnyvale, 
California 
95086 
(408) 243-7000 


BP Microsystems 
1000 North Post Oak Road, Suite 
#225 
Houston, 
Texas 
77055-7237 
(713) 688-4600 


Bytek Corporation 
543 North West 77th Street 
Bocaraton, 
Florida 
33487-1323 
(407) 994-3520 


Data VO Corporation 
P.O. Box 97946 
10525 Willows 
Road NE 
Redmond, 
Washington 
98073- 
9746 
(800) 247-5700 


Elan Systems, 
Inc. 
365 Wood view Avenue, 
Suite #700 
Morgan Hill, California 
95037 
(408) 778-7267 


specific products and packages are sup- 
ported. 


Logical 
Devices 
692 South Military 
Trail 
Deerfield 
Beach, 
Florida 
33442 
(305) 428-6868 


Minato Electronics 
3628 Madison Avenue, 
Suite #5 
North Highlands, 
California 
95660 
(916) 348-6066 


Needham's 
Electronics 
4630 Beloit Drive, Suite #20 
Sacramento, 
California 
95841 
(916) 924-8037 


SMS 
17411 N.E. Union Hill Road, Suite 
#100 
Redmond, 
Washington 
98052 
(206) 883-8447 


System General 
1603A South Main Street 
Milpitas, 
California 
95035 
(408) 263-6667 
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Package Outlines 
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Section 
4 
DataFlash® 


Battery-Voltage™ 
• 2.7V • 3.6V Operation 
AT45DB011 
128K x 8 


AT45DB021 
256K x 8 


AT45DB041 
512K x 8 


AT45DB080 
1024K x 8 


AT45DB081 


AT45DB161 


AT45DB321 


1024K x 8 


2048K x 8 


4096K x 8 


Standard 
Voltage' 
5V Operation 
AT45D011 
128Kx8 


AT45D021 
256K x 8 


AT45D041 
512K x 8 


AT45D081 
1024K x 8 


AT45D161 
2048K x 8 


DataFlash 
Application 
Note 
Serial DataFlash 
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1M·bit, 2.7-volt Only Serial Interface 
Flash 
.4-3 


2M·bit, 2.7-volt Only Serial Interface 
Flash 
.4-21 


4M-bit, 2.7-volt Only Serial Interface 
Flash 
4-39 


8M-bit, 2.7-volt Only Sequential 
Access. 


Parallel 1/0 Flash 
4-57 


8M-bit. 2.7-volt Only Serial Interface 
Flash 
4-75 


16M·bit. 2.7-volt Only Serial Interface 
Flash 
4-93 


32M-bit, 
2.7-volt Only Serial Interface 
Flash 
4-113 


1M·bit, 5-volt Only Serial Interface 
Flash 
4-133 
• 


2M·bit, 5-volt Only Serial Interface 
Flash 
4-153 


4M·bit. 5-volt Only Serial Interface 
Flash 
4-171 


8M·bit. 5-volt Only Serial Interface 
Flash 
4-189 


16M-bit. 5-volt Only Serial Interface 
Flash 
4-207 
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Features 


• Single 2.7V - 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 512 Pages (264 Bytes/Page) Main Memory 
• Optional Page and Block Erase Operations 
• One 264-Byte SRAM Data Buffer 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 liS Typical Page to Buffer Transfer Time 
• Low-Power Dissipation 
- 4 mA Active Read Current Typical 
- 2 IIA CMOS Standby Current Typical 
• 13 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial 
and Industrial Temperature Ranges 


Description 


The AT45DB011 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 1,081 ,344 bits of memory 
are organized 
as 512 pages of 264 
bytes each. In addition 
to the main memory, 
the AT45DB011 
also contains 
one SRAM 
data buffer of 264 bytes. Unlike conventional 
Flash memories 
that are accessed 
ran- 
domly with multiple 
address 
lines and a parallel interface, 
the DataFlash 
uses a serial 
interface 
to sequentially 
access 
its data. The simple 
serial interface 
facilitates 
hard- 
(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


Sl 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


RDY/BUSY 
Ready/Busy 


Sl08 
so 
SCK 
2 
7 
GND 
RES:! 
3 
6 
vcc 
CS 
4 
5 
WP 
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1-Megabit 
2.7-volt Only 
Serial 
DataFlash@ 


AT45DB011 
Preliminary • 


ware layout, increases 
system 
reliability, 
minimizes 
switch- 
ing noise, and reduces 
package 
size and active pin count. 


The device 
is optimized 
for use in many commercial 
and 
industrial 
applications 
where 
high density, 
low pin count, 
low voltage, 
and low power are essential. 
Typical 
applica- 
tions 
for the DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and data storage. 
The device 
operates 
at clock 
frequencies 
up to 13 MHz with a typical active read current 
consumption 
of 4 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB011 
does not require 
high input voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB011 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (Sl), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required 
before programming. 


SCK 
-. 


CS 
-. 


RESET 
-. 


VCC 
-. 


GND 
-. 
RDY/BOS'i' 
.- 


Memory Array 


To provide 
optimal 
flexibility, 
the memory 
array 
of the 
AT45DB011 
is divided 
into three levels of granularity 
com- 
prising 
of sectors, 
blocks, 
and pages. 
The Memory 
Archi- 
tecture Diagram illustrates 
the breakdown 
of each level and 


details 
the number 
of pages per sector 
and block. All pro- 
gram operations 
to the DataFlash 
occur on a page by page 
basis; however, 
the optional 
erase operations 
can be per- 
formed at the block or page level. 


BLOCK 0 


- 
BLOCK 1 


- 
BLOCK 2 
- 
- - 
- 
BLOCK 3 
- 


- - 
- - 
- 
BLOCK 2" 
- 
- 
- 
BLOCK 30 
- 
BLOCK 
31 


BLOCK 32 


BLOCK 33 


BLOCK 34 
- 


- 
BLOCK 61 
- 
- 
BLOCK 62 
- 
BLOCK 63 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 
tion starts with the falling edge of CS followed 
by the appro- 
priate 8-bit opcode 
and the desired 
buffer or main memory 
address 
location. While the CS pin is low, toggling ihe SCK 
pin controls 
the loading 
of the opcode 
and the desired 
buffer 
or main 
memory 
address 
location 
through 
the Sl 
(serial input) pin. All instructions, 
addresses, 
and data are 
transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory or from the data buffer. 


MAIN MEMORY 
PAGE READ: A main memory read allows 
the user to read 
data 
directly 
from 
anyone 
of the 512 
pages in the main memory, 
bypassing 
the data buffer and 
leaving 
the contents 
of the buffer 
unchanged. 
To start a 
page 
read, 
the 
8-bit 
opcode, 
52H, 
is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45DB011, 
the 
first six address bits are reserved 
for larger density devices 
(see Notes 
on page 9), the next nine address 
bits (PA8- 
PAO) specify the page address, 
and the next nine address 
bits (BA8-BAO) specify the starting 
byte address 
within the 
page. The 32 don't care bits which 
follow 
the 24 address 
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PAGE 0 
- PAGE -1 
- 


- - 
- 
- 
PAGE 6 


PAGE 7 


PAGE 8 
- - 
- 
- 
- 
PAGE " 
- 


- 
- 
- 
PAGE 14 


PAGE 15 


PAGE 16 
- 
- 
PAGE 17 
-PAGE 18 
- 
- 
- 


PAGE 509 


PAGE 510 
- 
- 
PAGE 511 • 


bits are sent to initialize 
the read operation. 
Following 
the 
32 don't care bits, additional 
pulses on SCK result in serial 
data being output on the SO (serial output) pin. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, and the reading 
of data. When 
the end of a 
page in main 
memory 
is reached 
during 
a main memory 
page read, the device will continue 
reading at the beginning 
of the same page. A low to high transition 
on the CS pin will 
terminate 
the read operation 
and tri-state the SO pin. 


BUFFER 
READ: 
Data can be read from 
the data buffer 
using an opcode of 54H. To perform a buffer read, the eight 
bits of the opcode 
must be followed 
by 15 don't care bits, 
nine address 
bits, and eight don't care bits. Since the buffer 
size 
is 264-bytes, 
nine 
address 
bits 
(BFA8-BFAO) 
are 
required to specify the first byte of data to be read from the 
buffer. 
The CS pin must remain 
low during 
the loading 
of 
the opcode, 
the address 
bits, the don't care bits, and the 
reading of data. When the end of the buffer is reached, 
the 
device 
will continue 
reading 
back at the beginning 
of the 
buffer. A low to high transition 
on the CS pin will terminate 
the read operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to buffer. 


An 8-bit opcode 
of 53H is followed 
by the six reserved 
bits, 
nine 
address 
bits (PA8-PAO) 
which 
specify 
the page 
in 


main memory 
that is to be transferred, 
and nine don't care 
bits. The C8 pin must be low while toggling 
the 8CK pin to 
load the opcode, 
the address 
bits, and the don't care bits 
from the 81 pin. The transfer 
of the page of data from the 
main memory to the buffer will begin when the C8 pin tran- 
sitions 
from a low to a high state. 
During the transfer 
of a 
page of data (tXFR)' 
the status register can be read to deter- 
mine whether the transfer has been completed 
or not. 


MAIN 
MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory can be compared 
to the data in the 
buffer. 
An 8-bit opcode 
of 60H is followed 
by 24 address 
bits consisting 
of the six reserved 
bits, nine address 
bits 
(PA8-PAO) which specify the page in the main memory that 
is to be compared 
to the buffer, 
and nine don't 
care bits. 
The loading of the opcode and the address bits is the same 
as described 
previously. 
The C8 pin must be low while tog- 
gling the 8CK pin to load the opcode, the address bits, and 
the don't care bits from the 81 pin. On the low to high transi- 
tion of the C8 pin, the 264 bytes in the selected 
main mem- 
ory page will be compared 
with the 264 bytes in the buffer. 
During this time (tXFR)' 
the status 
register 
will indicate 
that 
the part is busy. On completion 
of the compare 
operation, 
bit 6 of the status 
register 
is updated 
with the result of the 
compare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the 81 pin 
into the data buffer. 
To load data into the buffer, 
an 8-bit 
opcode 
of 84H is followed 
by 15 don't care bits and nine 
address 
bits (BFA8-BFAO). 
The nine address 
bits specify 
the first byte in the buffer to be written. The data is entered 
following 
the address 
bits. If the end of the data buffer 
is 
reached, the device will wrap around back to the beginning 
of the buffer. Data will continue 
to be loaded into the buffer 
until a low to high transition 
is detected 
on the C8 pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written 
into the buffer can be pro- 
grammed 
into the main memory. 
An 8-bit opcode 
of 83H is 
followed 
by the six reserved 
bits, nine address 
bits (PA8- 
PAO) that specify 
the page in the main memory 
to be writ- 
ten, and nine additional 
don't care bits. When a low to high 
transition 
occurs 
on the C8 pin, the part will first erase the 
selected 
page in main memory 
to all 1s and then program 
the data stored 
in the buffer into the specified 
page in the 
main memory. 
Both the erase and the programming 
of the 
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page are internally 
self timed 
and should 
take place 
in a 
maximum 
time of tEP' 
During 
this time, the status 
register 
will indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main memory 
can be programmed 
with the contents 
of the 
buffer. 
An 8-bit 
opcode 
of 88H 
is followed 
by the 
six 
reserved 
bits, nine address 
bits (PA8-PAO) that specify the 
page in the main memory 
to be written, 
and nine additional 
don't care bits. When a low to high transition 
occurs on the 
C8 pin, the part will program 
the data stored 
in the buffer 
into the specified 
page in the main memory. 
It is necessary 
that the page in main memory 
that is being 
programmed 
has been previously 
erased. The programming 
of the page 
is internally 
self timed and should take place in a maximum 
time of tp. During this time, the status 
register 
will indicate 
that the part is busy. 


PAGE ERASE: 
The optional 
Page Erase command 
can be 
used to individually 
erase 
any page in the main memory 
array 
allowing 
the Buffer to Main Memory 
Page Program 
without 
Built-In 
Erase 
command 
to be utilized 
at a later 
time. To perform a Page Erase, an opcode 
of 81 H must be 
loaded 
into the device, 
followed 
by six reserved 
bits, nine 
address 
bits (PA8-PAO), 
and nine don't care bits. The nine 
address 
bits are used to specify which page of the memory 
array is to be erased. 
When a low to high transition 
occurs 
on the C8 pin, the part will erase the selected 
page to 1s. 
The erase operation 
is internally 
self-timed 
and should take 
place in a maximum 
time of tpE• During this time, the status 
register will indicate that the part is busy. 


BLOCK 
ERASE: 
A block of eight pages can be erased 
at 
one time allowing 
the Buffer 
to Main Memory 
Page 
Pro- 
gram 
without 
Built-In 
Erase 
command 
to be utilized 
to 
reduce 
programming 
times when writing 
large amounts 
of 
data to the device. To perform a Block Erase, an opcode of 
SOH must 
be loaded 
into 
the 
device, 
followed 
by six 
reserved 
bits, 
six address 
bits (PA8-PA3), 
and 12 don't 
care bits. The six address 
bits are used to specify 
which 
block of eight pages 
is to be erased. 
When 
a low to high 
transition 
occurs 
on the C8 pin, the part 
will 
erase 
the 
selected 
block of eight pages to 1s. The erase operation 
is 
internally 
self-timed 
and should 
take place in a maximum 
time of tBE. During this time, the status register will indicate 
that the part is busy. 
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AT45DB011 


PA6 
PAS 
PA4 
PA3 
PA2 
PA1 
PAO 
Block 
PAS 
PA7 


0 
0 
0 
X 
X 
X 
0 
0 
0 
0 


0 
0 
0 
1 
X 
X 
X 
1 
0 
0 


0 
0 
1 
0 
X 
X 
X 
2 
0 
0 


0 
0 
0 
1 
1 
X 
X 
X 
3 
0 
· 
· 
· 
· 
· 
· 
· 
· 
· 
·· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1 
1 
1 
0 
0 
X 
X 
X 
60 
1 


1 
1 
1 
0 
1 
X 
X 
X 
61 
1 


1 
1 
1 
1 
0 
X 
X 
X 
62 
1 


1 
1 
1 
1 
1 
1 
X 
X 
X 
63 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into the buffer from the SI pin and then programmed 
into a specified 
page in the main memory. 
An 8-bit opcode 
of 82H is followed 
by the six reserved 
bits and 18 address 
bits. 
The nine 
most 
significant 
address 
bits (PA8-PAO) 
select 
the page in the main memory 
where 
data is to be 
written 
and the next nine address 
bits (BFA8-BFAO) 
select 
the first by1e in the buffer to be written. After all address bits 
are shifted 
in, the part will take data from the SI pin and 
store it in the data buffer. If the end of the buffer is reached, 
the device 
will wrap 
around 
back to the beginning 
of the 
buffer. When there is a low to high transition 
on the CS pin, 
the part will first erase the selected 
page in main memory to 
all 1s and then program 
the data stored 
in the buffer 
into 
the specified 
page in the main memory. 
Both the erase and 
the programming 
of the page are internally 
self timed and 
should 
take place 
in a maximum 
of time tEp. During 
this 
time, the status register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple by1es within a page or multiple 
pages of data are modi- 
fied in a random fashion. 
This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 


A page of data is first transferred 
from the main memory to 
the data buffer, and then the same data (from the buffer) is 
programmed 
back into its original 
page of main memory. 


An 8-bit opcode of 58H is followed 
by the six reserved 
bits, 


nine address 
bits (PA8-PAO) 
that specify the page in main 
memory to be rewritten, 
and nine additional 
don't care bits. 


When a low to high transition 
occurs on the CS pin, the part 
will first transfer 
data from the page in main memory 
to the 
buffer and then program 
the data from the buffer back into 
same 
page of main 
memory. 
The operation 
is internally 
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self-timed 
and should take place In a maximum 
time of tEP. 
During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


If a sector 
is programmed 
or reprogrammed 
sequentially 
page by page, then the programming 
algorithm 
shown 
in 
Figure 1 is recommended. 
Otherwise, 
if multiple 
bytes in a 
page or several 
pages are programmed 
randomly 
in a sec- 


tor, then the programming 
algorithm 
shown 
in Figure 
2 is 
recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight bits of the status 
register, 


starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 


tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 


After bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains 
low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 


and once the device 
is no longer busy, the state of SO will 


change 
from 0 to 1. There are eight operations 
which 
can 


cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 


• 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, Page Erase, Block Erase, Main Memory 
Page Pro- 
gram, and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB011, 
the three bits are 0,0, 
and 1. The decimal 
value of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, allowing a total of eight different 
density 
configurations. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled 
high; therefore, 
in low pin count 
applica- 
tions, connection 
of the WP pin is not necessary 
if this pin 
and feature 
will 
not be utilized. 
However, 
it is recom- 
mended 
that the WP pin be driven 
high externally 
when- 
ever possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the operation 
in progress 
and 
reset 
the 
internal 
state 
Status Register Format 


machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
incorporates 
an internal 
power-on 
reset circuit, 
so there 
are no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled 
high; therefore, 
in low pin count 
applications, 
con- 
nection 
of the RESET 
pin is not necessary 
if this pin and 
feature 
will not be utilized. 
However, 
it is recommended 
that the RESET 
pin be driven 
high 
externally 
whenever 
possible. 


READY/BUSY: 
This open 
drain 
output 
pin will be driven 
low when the device is busy in an intemally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through an 
external pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
the buffer cannot be accessed. 


When power is first applied to the device, or when recover- 
ing from a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


Blt7 
BitS 


RDY/BUSY 
CaMP 


Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings· may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


AT45DB011 
I Com. 
Q'C to 7Q'C 
Operating Temperature (Case) 
I Ind. 
-4Q'C to 85'C 


Vcc Power Supply!') 
2.7Vto 3.6V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 


Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


ISB 
Standby Current 
CS, RESET, WP = V'H' all inputs at 
2 
to 
~A 
CMOS levels 


ICG1 
Active Current, Read Operation 
f = t3 MHz; lOUT= 0 mA; 
4 
to 
mA 
Vcc = 3.6V 


Icc2 


Active Current, Program/Erase 
Vcc= 3.6V 
10 
25 
mA 
Operation 


III 
Input Load Current 
V'N= CMOS levels 
1 
~A 


ILO 
Output Leakage Current 
V'IO= CMOS levels 
1 
~A 


VIL 
Input Low Voltage 
0.6 
V 


V'H 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
10L= 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output High Voltage 
10H= -100 ~A 
Vcc - 0.2V 
V • 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
13 
MHz 


tWH 
SCK High Time 
35 
ns 


tWL 
SCK Low Time 
35 
ns 


les 
Minimum CS High Time 
250 
ns 


less 
GS Setup Time 
250 
ns 


tCSH 
CS Hold Time 
-+ 
250 
ns 


leSB 
GS High to ROY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
20 
ns 


tHO 
Output Hold Time 
0 
ns 


tCiS 
Output Disable Time 
25 
ns 


tv 
Output Valid 
30 
ns 


tXFR 
Page to Buffer Transfer/Compare Time 
120 
200 
~s 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
15 
ms 


tpE 
Page Erase Time 
6 
10 
ms 


tBE 
Block Erase Time 
7 
15 
ms 


tRsT 
RESET Pulse Width 
10 
~s 


tREC 
RESET Recovery Time 
1 
~s 


Input Test Waveforms 
and 


Measurement 
Levels 
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AC 
<2.4V~.0 
AC 
DRIVING 
MEASUREMENT 
LEVELS 
0.45V 
0.8 
LEVEL 
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AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 


1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 


being high when CS makes 
a high-to-Iow 
transition. 
Both 


waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows 
timing that is also compatible 
with SPI 


Mode 0, and Waveform 
2 shows timing 
that is compatible 


with SPI Mode 3. 


tDIS 


HIGH IMPEDANCE 


tDIS 


HIGH IMPEDANCE 


tV 


HIGHZ 


Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~~ 
~~ 
tREe-t=+=+ tCSS 


SCK 
••• JL.fUl 
IXXXXX~ 
n.JL.JL 
______ 
~ltRST-1~-- 


RESET 
~~ __ 
~* 


HIGH IMPEDANCE 
HIGH IMPEDANCE 
SO ---------- 
••• C)Cx=:::>--------- 


Command Sequence for ReadlWrite Operations (Except Status Register Read) 


SI 
••• 


MSB --.. 
r r r r 
r r X X 
X X X X 
X X X X 
I 
II~ 
~II 
I 
I 
Reserved 
for 
Page Address 


larger densities 
(PAS-PAO) 


x X X X 
X X X X .- 
LSB 
I 
I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8·BFAO) 


Notes: 
1. 
"r" designates bits reserved for larger densities. 


2. 
It is recommended that "r" be a logical "0". 


3. 
For densities larger than 1M bit, the "r" bits become the most significant Page Address bit for the appropriate density. 
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Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


FLASH 
MEMORY 
ARRAY 


. Completes 
writing 
into buffer 
. Starts selHimed 
erase/program 
operation 


CS~ 
~r- 


SI XXXX 
CMD 
Xr ...r, PA8-7)(PA6-0,BFAaXBFA7·0X~__ ~X 
n+1 >c... J< LaslBY'sXXXX 


. Completes 
writing 
into buffer 
-----"'r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


CS~ 


SIXXXX 
CMD 


Starts 
self-timed 
erase/program 
operation 
-----"'r- 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
~ 


n = 1st byte written 


n+ 1 = 2nd byte written 


Read Operations 


The following 
block diagram 
and waveforms 
illustrate the various 
read sequences 
available. 


• 


Main Memory Page Read 


cs~~ 
r- 


cs~ 


SI :zzz>< 
CMD 


Starts reading page data into buffer 
------r- 


Xr 
..r.PA8.7~ 
X 
><:ZZZ 


Each transition represents ~ 
8 bits and 8 clock cycles ~ 


n = 1st byte read 


n+ 1 = 2nd byte read 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~ 
~ 


62 
63 
65 
66 


, 
0 
••• ~xxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
MSB 


Buffer Read 


CS~ 
~ 


38 
39 


, 
0 
••• ~xxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 


07 
06 
05 


MSB 


Status Register Read 


cS~~ 
----,r 


HIGH-IMPEDANCE 
I 
STATUS REGISTER OUTPUT 
SO--------------------~ 
...~ 


MSB 
LSB 
MSB 


Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


CS~~ 
~~ 


" , " ...~xxxzxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 
MSB 


Buffer Read 
cs ~'-- 
----/~ 


" 
, 
0 
••• ~xxxxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 
MSB 


Status Register Read 
cs ~~ 
~r 


••• <XXXXXX> 


HIGH-IMPEDANCE 
r- 
STATUS REGISTER OUTPUT 
SO-----------------~~ 
...~ 


MSB 
LSB 
MSB 
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Main Memory 
Buffer 
Main Memory Page 
Main Memory Page 
Buffer 
Page Read 
Read 
to Buffer Transfer 
to Buffer Compare 
Write 


Ope ode 


S2H 
S4H 
S3H 
GOH 
84H 


0 
0 
0 
0 
1 


1 
1 
1 
1 
0 


0 
0 
0 
1 
0 


1 
1 
1 
0 
0 


0 
0 
0 
0 
0 


0 
1 
0 
0 
1 


1 
0 
1 
0 
0 


0 
0 
1 
0 
0 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


PAB 
X 
PAB 
PAB 
X 


PA7 
X 
PA7 
PA7 
X 


PAG 
X 
PAG 
PAG 
X 


PAS 
X 
PAS 
PA5 
X 


PM 
X 
PA4 
PM 
X 


PA3 
X 
PA3 
PA3 
X 


PA2 
X 
PA2 
PA2 
X 


PAl 
X 
PAl 
PAl 
X 


PAO 
X 
PAO 
PAO 
X 


BAB 
BFAB 
X 
X 
BFAB 


BA7 
BFA7 
X 
X 
BFA7 


BA6 
BFA6 
X 
X 
BFAG 


BA5 
BFA5 
X 
X 
BFA5 


BM 
BFM 
X 
X 
BFM 


BA3 
BFA3 
X 
X 
BFA3 


BA2 
BFA2 
X 
X 
BFA2 


BAl 
BFAl 
X 
X 
BFA1 


BAO 
BFAO 
X 
X 
BFAO 


X 
X 


X 
X 


X 
X 
X (Don't 
Care) 


X 
X 
r (reserved 
bits) 


X 
X 


X 
X 


X 
X 


X 
X 
··· 
X (64th bit) 


Buffer to 
Buffer to 
Main Memory 
Main Memory 
Page Program 
Main Memory 
Auto Page 


Page Program 
without Built-In 
Page 
Block 
Page Program 
Rewrite 
Status 
with Built-In Erase 
Erase 
Erase 
Erase 
Through Buffer 
Through Buffer 
Register 


Opcode 


83H 
88H 
81H 
SOH 
82H 
S8H 
S7H 


1 
1 
1 
0 
1 
0 
0 


0 
0 
0 
1 
0 
1 
1 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
1 
0 
1 
1 


0 
1 
0 
0 
0 
1 
0 


0 
0 
0 
0 
0 
0 
1 


1 
0 
0 
0 
1 
0 
1 


1 
0 
I 
0 
0 
0 
I 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA4 
PM 
PM 
PM 
PM 
PA4 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
X 
PA2 
PA2 


PAl 
PAl 
PAl 
X 
PAl 
PAl 


PAO 
PAO 
PAO 
X 
PAO 
PAO 


X 
X 
X 
X 
BFA8 
X 
# 


X 
X 
X 
X 
BFA7 
X 


X 
X 
X 
X 
BFA6 
X 


X 
X 
X 
X 
BFAS 
X 


X 
X 
X 
X 
BFM 
X 


X 
X 
X 
X 
BFA3 
X 


X 
X 
X 
X 
BFA2 
X 


X 
X 
X 
X 
BFAI 
X 


X 
X 
X 
X 
BFAO 
X 


X (Don't 
Care) 
r (reserved 
bits) 
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START 
provideaddress 
anddata 


BUFFER WRITE 


(84H) 


MAIN MEMORY PAGE PROGRAM 


(82H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H) 


Notes: 
1. 
This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 


provide 
address 
of 


page to modify 


MAIN 
MEMORY 
PAGE 


to BUFFER 
TRANSFER 


(53H) 


It planning 
to modify 
multiple 


bytes currently 
stored 
within 


a page of the Flash 
array 


BUFFER 
WRITE 


(84H) 


MAIN 
MEMORY 
PAGE 
PROGRAM 


(82H) 


BUFFER 
to MAIN 


MEMORY 
PAGE 
PROGRAM 


(83H) 
• 


Auto 
Page Rewrite(2) 


(58H) 


Notes: 
1. 
To preserve 
data integrity, 
each page of a DataFlash 
sector 
must be updated/rewritten 
at least once 
within 
every 
10,000 
cumulative 
page erase/program 
operations 
within 
that sector. 


2. 
A Page Address 
Pointer 
must be maintained 
to indi- 
cate which 
page is to be rewritten. 
The Auto Page 
Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of 
the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all 


pages 
of the sector. 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


PA2· 
PAS 
PA7 
PA6 
PAS 
PA4 
PA3 
PAO 
Sector 


0 
0 
0 
0 
0 
0 
X 
0 


0 
X 
X 
X 
X 
X 
X 
1 


1 
X 
X 
X 
X 
X 
X 
2 
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Icc (mA) 


fSCK (MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


13 
10 
0.01 
AT450B011-JC 
32J 
Commercial 


AT450B011-SC 
8S2 
(O°C to 70°C) 


AT450B011-XC 
14X 


13 
10 
0.01 
AT450B011-JI 
32J 
Industrial 


AT450B011-SI 
8S2 
(-40°C 
to 85°C) 


AT450B011-XI 
14X 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


8S2 
8-Lead, 
0.210" 
Wide, Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


14X 
14-Lead, 
0.170" 
Wide, 
Plastic 
Thin Shrink 
Small 
Outline 
Package 
(TSSOP) 


Features 


• Single 2.7V· 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 1024 Pages (264 Bytes/Page) Main Memory 
• Two 264-Byte SRAM Data Buffers - Allows Receiving of Data 
while Reprogramming 
of Non-Volatile Memory 
• Internal Program and Control TImer 
• Fast Page Program TIme - 7 ms Typical 
• 120 liS Typical Page to Buffer Transfer Time 
• Low Power Dissipation 


- 4 mA Active Read Current Typical 
- 5 IIA CMOS Standby Current Typical 
• 5 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial and Industrial 
Temperature Ranges 


Description 


The AT45DB021 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 2,162,688 
bits of memory 
are organized 
as 1024 pages 
of 
264-bytes 
each. 
In addition 
to the main memory, 
the AT45DB021 
also contains 
two 
SRAM 
data buffers 
of 264-bytes 
each. The buffers 
allow 
receiving 
of data while 
a 
page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
ries that are accessed 
randomly 
with multiple 
address 
lines and a parallel 
interface, 
(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page Write 
Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


WI'= 
ROVJ9(EV 


NC 


NC 


NC 
NC 
NC 


NC 


SCK 


51 
so 


NC 


NC 


NC 


NC 


NC 


NC 
13: ~ ~ ':: ~ ~ g.21 


TSOP Top View 
Type 1 


Note: PLCC package pins 16 and 
17 are DON'T CONNECT. 


RDV!fIDSY= 
WI' 


NC 


NC 


NC 
vcc 


ONO 


NC 


NC 


NC 


NC 
C! 


SCK 
51 
so 
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SOIC 


ONO 
1 
28 
vcc 


NC 
2 
27 
NC 


NC 
3 
28 
NC 
C! · 


2S 
WI' 


SOK 
5 
" = 
51 · 


23 
RDv!BlEY 


so 
7 
22 
NC 


NC · 


21 
NC 


NC · 


20 
NC 


NC 
I. 
19 
NC 


NC 
11 
19 
NC 


NC 
12 
17 
NC 


NC 
13 
" 


NC 


NC 
" 


15 
NC 
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2-Megabit 
2.7-volt Only 
Serial 
DataFlash® • 


the DataFlash 
uses a serial interface to sequentially 
access 
its data. The simple serial interface facilitates 
hardware 
lay- 
out, increases 
system reliability, 
minimizes 
switching 
noise, 
and reduces package size and active pin count. The device 
is optimized 
for use in many 
commercial 
and industrial 
applications 
where high density, 
low pin count, low voltage, 
and low power 
are essential. 
Typical 
applications 
for the 
DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data storage. 
The device operates 
at clock frequencies 
up 
to 5 MHz with a typical active read current consumption 
of 
4mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB021 
does not require 
high input voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB021 
is enabled 
through 
the chip 
select 
pin (CS) 
and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required 
before programming. 


SCK 
-.. 


CS 
-.. 


RESET 
-.. 


VCC 
-.. 


GNO 
-.. 


ROY/BUSY 
.- 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 


tion starts with the falling edge of CS followed 
by the appro- 
priate 8-bit opcode 
and the desired 
buffer or main memory 
address location. 
While the CS pin is low, toggling the SCK 
pin controls 
the loading 
of the opcode 
and the desired 
buffer 
or main 
memory 
address 
location 
through 
the SI 
(serial input) pin. All instructions, 
addresses, 
and data are 


transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either 
one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data directly 
from 
anyone 
of the 
1024 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45DB021, 
the 
first 
five 
address 
bits 
are 
reserved 
for 
larger 
density 


devices 
(see Notes on page 28), the next 10 address 
bits 
(PA9-PAO) 
specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output 
on the SO (serial 
output) 
pin. The CS pin must remain low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory 
is reached during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address 
bits, and eight don't care bits. Since the buffer size 


is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 
The 
CS pin must 
remain 
low during 
the loading 
of the 
opcode, the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, 
the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the CS pin will terminate 
the read 
operation 
and tri-state 
the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the five reserved 
bits, 
10 
address 
bits (PA9-PAO) 
which 
specify 
the page 
in main 
memory 
that is to be transferred, 
and nine don't care bits. 
The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the Sl pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the five 
reserved 
bits, 
10 address 
bits (PA9-PAO) 
which 
specify 
the page 
in the main 
memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling 
the SCK 
pin to load the opcode, 
the address 
bits, and the don't care 
bits from the Sl pin. On the low to high transition 
of the CS 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the Sl pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits and nine 
address 
bits 
(BFA8-BFAO). 
The nine address 
bits specify the first byte in 
the buffer to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can 
be programmed 
into the main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
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the five reserved 
bits, 10 address 
bits (PA9-PAO) that spec- 
ify the page in the main memory 
to be written, 
and nine 
additional 
don't 
care 
bits. When 
a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed and should 
take place in a maxi- 
mum time of tEP' During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the five reserved 
bits, 10 
address 
bits (pA9-PAO) 
that specify 
the page in the main 
memory 
to be written, 
and nine additional 
don't care bits. 


When a low to high transition 
occurs on the CS pin, the part 
• 
will program 
the data stored in the buffer into the specified 
~ 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously 
programmed 
to all 1s (erased 
state). 
The program- 
ming of the page is internally 
self timed 
and should 
take 
place in a maximum 
time of tp• During this time, the status 
register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the Sl pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the five reserved 
bits and 19 address 
bits. The 10 most 
significant 
address 
bits (PA9-PAO) 
select 
the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the Sl pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all1s 
and 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should 
take 
place in a maximum 
of time tEp. During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed 
if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 


A page of data is first transferred 
from the main memory 
to 
buffer 1 or buffer 2, and then the same data (from buffer 
1 
or buffer 
2) is programmed 
back 
into its original 
page of 


main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 2, is followed 
by the five reserved 
bits, 10 address 
bits (PA9-PAO) that specify the page in main memory to be 
rewritten, 
and nine additional 
don't care bits. When a low to 
high transition 
occurs on the CS pin, the part will first trans- 
fer data from the page in main memory to a buffer and then 
program 
the data from the buffer 
back into same page of 
main memory. 
The operation 
is internally 
self-timed 
and 
should 
take place 
in a maximum 
time of tEP' 
During 
this 
time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 
sequentially 
page 
by page, 
then the programming 
algo- 
rithm shown 
in Figure 
1 is recommended. 
Otherwise, 
if 
multiple 
bytes in a page or several 
pages are programmed 
randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After bit ° of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 


ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from ° to 1. There 
are six operations 
which 
can 
cause the device to be in a busy state: Main Memory 
Page 


to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 


Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 
Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
Status Register Format 
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page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB021, 
the three bits are 0,1, 
and 0. The decimal 
value of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, 
allowing a total of eight different 
density 
configurations. 


Read/Program 
Mode Summary 
The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group 
A) and modes 
which do not make use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program 
with 
built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program 
with- 
out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 
during 
this time in which 
a Group 
A mode 
is in progress, 
modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being 
programmed 
into main memory 
from 
buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory 
cannot be 
reprogrammed. 
The only way to reprogram 
the first 
256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 


Bit7 


ROY/BUSY 


Bit6 


COMP 


RESET: A low state on the reset pin (RESET) will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 


machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 


pin. Normal 
operation 
can resume 
once the RESET 
pin is 


brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit; 
therefore, 
there 
are no restrictions 
on the RESET 


pin during power-on 
sequences. 


READY/BUSY: 
This 
open drain output 
pin will be driven 


low when the device is busy in an internally 
self-timed 
oper- 


ation. This pin, which is normally 
in a high state (through 
an 


external pull-up resistor), 
will be pulled low during program- 


All Input Voltages 
(including 
NC Pins) 
with Respect 
to Ground 
-0.6V to +6.25V 


All Output 
Voltages 
with Respect 
to Ground 
......................•...... 
-0.6V to Vcc + 0.6V 


ming operations, 
compare 
operations, 
and during 
page-to- 


buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 


one of the buffers 
cannot 
be accessed; 
read 
and write 


operations 
to the other buffer can still be performed. 


When power is first applied to the device, or when recover- 
ing from 
a reset condition, 
the device 
will default 
to SPI 


mode 3. In addition, 
the SO pin will be in a high impedance 


state, 
and a high to low transition 
on the CS pin will be 


required 
to start a valid instruction. 
The SPI mode will be 


automatically 
selected 
on every falling edge of CS by sam- 


pling the inactive clock state. 


"NOTICE: 
Stresses 
beyond 
those 
listed under 
"Absolute 


Maximum 
Ratings· 
may cause 
permanent 
dam- 


age to the device. 
This is a stress 
rating only and 


functional 
operation 
of the device 
at these or any 


other conditions 
beyond 
those 
indicated 
in the 


operational 
sections 
of this specification 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 


reliability. 
• 


AT45DB021 


Operating 
Temperature 
I Com. 
O°C to 70°C 


(Case) 
I Ind. 
-40°C 
to 85°C 


Vcc Power Supply(') 
2.7V to 3.6V 


Note: 
1. 
After 
power 
is applied 
and Vcc is at the minimum 
specified 
data sheet value, 
the system 
should 
wait 20 ms before 
an oper- 
ational 
mode 
is started. 
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Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


ISB 
Standby 
Current 
CS, RESET, 
WP = VIH, all inputs 
5 
15 
IJA 
at CMOS 
levels 


ICC1 
Active 
Current. 
Read 
f = 5 MHz; 
lOUT= 0 mA; 
4 
10 
mA 
Operation 
Vcc = 3.6V 


Icc2 
Active 
Current, 
Program/ 
Vcc = 3.6V 
15 
35 
mA 
Erase Operation 


III 
Input Load Current 
V1N= CMOS 
Levels 
1 
IJA 


'LO 
Output 
Leakage 
Current 
Vvo = CMOS 
levels 
1 
IJA 


V1L 
Input Low Voltage 
0.6 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= -100 IJA 
Vcc - 0.2V 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
5 
MHz 


tWH 
SCK High Time 
80 
ns 


tWL 
SCK Low Time 
80 
ns 


les 
Minimum 
CS High Time 
350 
ns 


less 
CS Setup 
Time 
350 
ns 


lesH 
CS Hold Time 
350 
ns 


leSB 
CS High to RDY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup 
Time 
15 
ns 


tH 
Data In Hold Time 
35 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tOIS 
Output 
Disable 
Time 
100 
ns 


tv 
Output 
Valid 
120 
ns 


tXFR 
Page to Buffer Transfer/Compare 
Time 
120 
250 
IJS 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
14 
ms 


tRST 
RESET 
Pulse Width 
10 
IJS 


tREC 
RESET 
Recovery 
Time 
1 
IJS 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 2.4V=X:= AC 
2.0 
DRIVING< 
MEASUREMENT 
LEVELS 
0.45V 
0.8 
LEVEL 


tR• tF < 20 ns (10"10 to 90"10) 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows timing 
that is compatible 
with SPI Mode 3. 
• 


tV 
HIGHZ 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~-----------------'R-E~ 


SCK 
••• S1SlJl~I-IX~-X~,-~-sT-~-~~~~n.JLJL 


RESET -----------------* 
71"------- 


HIGH IMPEDANCE 
HIGH IMPEDANCE 
SO --------------- 
••• oex==>------------ 


MSB ----. 
r r r X 
X X X X 
yl 


Reserved 
for 


larger densities 


I 
Page Address 


(pA11-PAO) 


I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8-BFAO) 


xxxx 
xxx x ~ 
LSB 
I 


Notes: 
1. 
"r" designates 
bits reserved 
for larger densities. 


2. 
It is recommended 
that "r" be a logical 
"0' for densities 
of 2M bit or smaller. 


3. 
For densities 
larger than 2M bit, the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


• 


C8~ 


81 XXXX 
CMD 
Xrrr, 
PA11-7)(PA6-0,BFASX 
BFA7-0 X~__ ~X 
n+1 >Cu.=>< 
LastByte XXX 
X 


. Completes 
writing into selected 
buffer 


. Starts self-timed 
erase/program 
operation 
~r- 


. Completeswriting into selected buffer 
-------"r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed into Flash Page) 


CS~ 


SIXXXX 
CMD 


Starts seff-timed erase/program operation 
------"r- 


Xrrr, PA11-7XPA6-c,XX 
X XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock cycles A-J'-... 


n = 15t byte written 


n+ 1 = 2nd byte written 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


cs~ 
~ 


Starts reading page data into buffer 
~r- 


Each transition 
represents 
~ 


8 bits and 8 clock cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 


Detailed Bit-Level Read Timing -Inactive 
Clock Polarity Low 


Main Memory Page Read 


cs~~ 
~r- 


61 
62 
63 
65 
66 


, 
0 
••• ~xxxxx 


tV~ 
HIGH-IMPEDANCE 
DATAOUT 
07 
06 
05 
MSB 


Buffer Read 
cs~~ 
r- • 


38 


, 
0 
••• ~xxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
MSB 


Status Register Read 
cs~ 
~r 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


CS~~ 
~~ 


••• 
63 


., 
o 
•••~=: 


HIGH-IMPEDANCE 
DATA OUT 


07 
06 
05 
04 


MSB 


Buffer Read 


CS~ 
~ 


•• 
• 
39 


0' 
o 
•••~=: 


HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 


MSB 


Status Register Read 


cs~~ 
~r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 
Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PM 
X 
X 
PA4 
PM 
PA4 
PM 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BM 
BFM 
BFM 
X 
X 
X 
X 
BFM 
BFA4 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 
X 
X 
X 
r (reserved 
bits) 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (64th bit) 
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II 
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Buffer lto 
Buffer 2to 


Buffer 1 to 
Buffer 2to 
Main 
Main 


Main 
Main 
Memory 
Memory 
Main 
Main 


Memory 
Memory 
Page 
Page 
Memory 
Memory 


Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built-In 
with Built-In 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
1 
a 
a 
a 


a 
a 
a 
a 
a 
a 
1 
1 
1 


a 
a 
a 
a 
a 
a 
a 
a 
a 


a 
a 
a 
a 
a 
a 
1 
1 
1 


a 
a 
1 
1 
a 
a 
1 
1 
a 


a 
1 
a 
a 
a 
1 
a 
a 
1 


1 
1 
a 
a 
1 
a 
a 
a 
1 


1 
a 
a 
1 
a 
1 
a 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PAG 
PAG 
PAG 
PAG 
PAG 
PAG 
PAG 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA4 
PA4 
PM 
PA4 
PA4 
PA4 
PM 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


PAD 
PAa 
PAa 
PAa 
PAa 
PAa 
PAa 
PAa 
x 
x 
x 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BAG 
BAG 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BM 
BM 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BAl 
BAl 
X 
X 


X 
X 
X 
X 
BAD 
BAa 
x 
x 


(Don't 
Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provideaddress 
anddata 


BUFFER WRITE 
(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H,86H) 


Notes: 
1. 
This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buller Write operation followed by a Buller 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 
(82H,85H) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,8SH) 


Auto Page Rewrite(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array must be updated/rewritten 
at least once within 
every 
10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc (mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


5 
10 
0.015 
AT45DB021-JC 
32J 
Commercial 


AT45DB021-RC 
28R 
(O°C to 70°C) 


AT45DB021-TC 
28T 


5 
10 
0.015 
AT45DB021-JI 
32J 
Industrial 


AT45DB021-RI 
28R 
(-40°C 
to 85°C) 


AT45DB021-TI 
28T 
• 


Package 
Type 


32J 
32-Lead. 
Plastic 
J-Leaded 
Chip Carrier 
Package 
(PLCC) 


28R 
28-Lead. 
0.330" 
Wide, 
Plastic 
Gull-Wing 
Small 
Outline 
Package 
(SOIC) 


28T 
28-Lead. 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 
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Features 


• Single 2.7V • 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 2048 Pages (264 Bytes/Page) Main Memory 
• Two 264-Byte SRAM Data Buffers - Allows Receiving of Data 
While Reprogramming 
of Nonvolatile 
Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 IJSTypical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 4 mA Active Read Current Typical 
- 8 IJA CMOS Standby Current Typical 
• 5 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial and Industrial 
Temperature Ranges 


Description 


The AT45DB041 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 4,325,376 
bits of memory 
are organized 
as 2048 pages 
of 
264-bytes 
each. 
In addition 
to the main memory, 
the AT45DB041 
also contains 
two 
SRAM 
data buffers 
of 264-bytes 
each. The buffers 
allow 
receiving 
of data while 
a 
page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
ries that are accessed 
randomly 
with multiple 
address 
lines and a parallel 
interface, 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page Write 
Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


Note: PLCC package pins 16 
and 17 are DON'T CONNECT. 


TSOP Top View 
Type 1 


AOYIBUSY 
mn 


VIP 


NC 


NC 
vcc 


DND 


NC 


NC 


NC 
ell 
5CK 


51 


SO 


CBGA Top View 
Through Package 


A 
0 
0 
0 
() 
,., ,., ,., ,., 


0 
Q 
0 
() 
;') 
,., 
SO< 
Qt<; 
I<C ,., 


C 
() 
000 
() 
,., 
ErmiifiNS 
,., 


0 
() 
() 
0 
0 
0 
,., 
so • 
IEET ,., 


() 
0 
() 
0 
() 
,., ,., ,., ,., ,., 


VCC 


NC 


NC 
ViPmn 
RDV/'StrnV 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 
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4-Megabit 
2.7-volt Only 
Serial 
DataFlash@ • 


the DataFlash 
uses a serial interface to sequentially 
access 
its data. The simple serial interface facilitates 
hardware 
lay- 
out, increases 
system reliability, 
minimizes 
switching 
noise, 


and reduces package 
size and active pin count. The device 


is optimized 
for use in many 
commercial 
and industrial 
applications 
where high density, 
low pin count, low voltage, 


and low power 
are essential. 
Typical 
applications 
for the 
DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 


data storage. 
The device operates 
at clock frequencies 
up 
to 5 MHz with a typical 
active read current consumption 
of 


4 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB041 
does not require 
high input voltages 
for pro- 


gramming. 
The device 
operates 
from a single 
power 
sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT 45DB041 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required 
before programming. 


SCK 
-.. 


CS 
-.. 


RESET 
-.. 


VCC 
-.. 


GND 
-.. 


RDY/BOSY 
.- 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 


instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
8-bit opcode 
and the desired 
buffer 
or main 
memory 
address 
location. While the CS pin is low, toggling 
the SCK pin controls 
the loading 
of the opcode 
and the 


desired 
buffer 
or main memory 
address 
location 
through 


the SI (serial 
input) 
pin. All instructions, 
addresses, 
and 


data are transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 


from the main memory 
or from either 
one of the two data 


buffers. 


MAIN MEMORY 
PAGE READ: 
A main memory 
read allows 


the user to read data directly 
from 
anyone 
of the 2048 


pages in the main memory, 
bypassing 
both of the data buff- 


ers and leaving 
the contents 
of the buffers 
unchanged. 
To 


start a page read, the 8-bit opcode, 
52H, is followed 
by 24 


address 
bits and 32 don't care bits. In the AT 45DB041, 
the 


first 
four 
address 
bits 
are 
reserved 
for 
larger 
density 


devices 
(see Notes on page 46), the next 11 address 
bits 
(PA 1O-PAO) specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 


lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output 
on the SO (serial 
output) 
pin. The CS pin must remain low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory 
is reached during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either 
one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 


buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address bits, and eight don't care bits. Since the buffer size 


is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 
The 
C8 
pin must 
remain 
low during 
the loading 
of the 
opcode, the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the C8 pin will terminate 
the read 
operation 
and tri-state the 80 pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the four reserved 
bits, 11 
address 
bits (PA 1O-PAO) which 
specify 
the page in main 
memory 
that is to be transferred, 
and nine don't care bits. 


The C8 pin must be low while toggling the 8CK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the 81 pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the C8 pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the four reserved 
bits, 11 address 
bits (PA1O-PAO) which 
specify 
the page 
in the main memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling the 8CK 
pin to load the opcode, the address 
bits, and the don't care 
bits from the 81 pin. On the low to high transition 
of the C8 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the 81 pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits and nine 
address 
bits 
(BFA8-BFAO). 
The nine address bits specify the first byte in 
the buffer 
to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the C8 pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into the main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
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the four 
reserved 
bits, 
11 address 
bits (PA1O-PAO) 
that 
specify 
the page 
in the main 
memory 
to be written, 
and 
nine additional 
don't care bits. When a low to high transition 
occurs 
on the C8 pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place in a maxi- 
mum time of tEp• During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT·IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with 
the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the four reserved 
bits, 11 
address 
bits (PA1O-PAO) that specify the page in the main 
memory 
to be written, 
and nine additional 
don't care bits. 


When a low to high transition 
occurs on the C8 pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously programmed 
to all 1s (erased 
state). 
The program- 
ming of the page is internally 
self timed 
and should 
take 
place in a maximum 
time of tp. During this time, the status 
register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the 81 pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the four reserved 
bits and 20 address 
bits. The 11 most 
significant 
address 
bits (PA10-PAO) 
select the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the 81 pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the C8 pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 


ming of the page are internally 
self timed and should take 
place in a maximum 
of time tEp. During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. 
This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 


A page of data is first transferred 
from the main memory 
to 
buffer 1 or buffer 2, and then the same data (from buffer 
1 
or buffer 
2) is programmed 
back 
into its original 
page of 


• 


main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 2, is followed 
by the four reserved 
bits, 11 address 
bits (PA10-PAO) 
that specify 
the page in main memory 
to 
be rewritten, 
and nine additional 
don't care bits. When 
a 
low to high transition 
occurs on the CS pin, the part will first 


transfer data from the page in main memory to a buffer and 
then program 
the data from the buffer back into same page 


of main memory. 
The operation 
is internally 
self-timed 
and 


should 
take place 
in a maximum 
time of tEP• During 
this 


time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 


sequentially 
page 
by page, 
then the programming 
algo- 


rithm shown 
in Figure 
1 is recommended. 
Otherwise, 
if 


multiple 
bytes in a page or several 
pages are programmed 


randomly 
in the main memory, 
then the programming 
algo- 


rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 


determine 
the device's 
ready/busy 
status, 
the result 
of a 


Main Memory 
Page to Buffer 
Compare 
operation, 
or the 


device 
density. 
To read the status 
register, 
an opcode 
of 


57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted out on the SO 


pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 


tion, while 
the remaining 
three 
least-significant 
bits are 


reserved 
for future 
use and will have 
undefined 
values. 


After bit 0 of the status 
register 
has been shifted 
out, the 


sequence 
will repeat itself (as long as CS remains low and 


SCK is being toggled) 
starting 
again with bit 7. The data in 


the status register is constantly 
updated, 
so each repeating 


sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 


is in a busy state. The user can continuously 
poll bit 7 of the 


status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device 
is no longer busy, the state of SO will 


change 
from 
0 to 1. There 
are six operations 
which 
can 


cause the device to be in a busy state: Main Memory 
Page 


to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 


Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 


Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 


Compare 
operation 
is indicated 
using 
bit 6 of the status 


register. 
If bit 6 is a 0, then the data in the main memory 
Status Register Format 
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page matches 
the data in the buffer. 
If bit 6 is a 1, then at 


least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB041, 
the three bits are 0, 1, 


and 1. The decimal 
value 
of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 


combinational 
code relating 
to differing 
densities 
of Serial 


DataFlash 
devices, 
allowing a total of eight different 
density 
configurations. 


Read/Program 
Mode Summary 


The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 


(Group 
A) and modes 
which do not make 
use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program 
with 


built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program 
with- 


out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 


during 
this time in which 
a Group 
A mode 
is in progress, 


modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from 
buffer 
1, data 
can be loaded 
into buffer 2 (or vice versa). 
See application 
note 
AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory 
cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 


Bit 7 


ROY/BUSY 


Blt6 


COMP 


RESET: A low state on the reset pin (RESET) will terminate 
the operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit; 
therefore, 
there 
are no restrictions 
on the RESET 
pin during power-on 
sequences. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through an 
external pull-up resistor), will be pulled low during program- 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover- 
ing from 
a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operationai sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
• 


AT45DB041 


Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(1) 
2.7V t03.6V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


19B 
Standby 
Current 
CS, RESET, 
WP = V1H•all inputs 
8 
20 
~A 
at CMOS 
levels 


ICC1 
Active 
Current. 
Read 
f = 5 MHz; lOUT= 0 mA; 
4 
10 
mA 
Operation 
Vcc = 3.6V 


'CC2 
Active 
Current, 
Vcc = 3.6V 
15 
35 
mA 
Program/Erase 
Operation 


III 
Input Load Current 
V1N = CMOS 
levels 
1 
~A 


ILO 
Output 
Leakage 
Current 
Vvo = CMOS 
levels 
1 
~A 


V1L 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= -100 ~A 
Vcc·0.2V 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
5 
MHz 


tWH 
SCK High Time 
80 
ns 


tWL 
SCKLowTime 
80 
ns 


tcs 
Minimum 
CS High Time 
350 
ns 


less 
CS Setup 
Time 
350 
ns 


tCSH 
CS Hold Time 
350 
ns 


leSB 
CS High to RDY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup Time 
15 
ns 


tH 
Data In Hold Time 
35 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tOIS 
Output 
Disable 
Time 
100 
ns 


tv 
Output 
Valid 
120 
ns 


tXFR 
Page to Buffer Transfer/Compare 
Time 
120 
250 
~s 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
14 
ms 


tRsT 
RESET 
Pulse Width 
10 
~s 


tREC 
RESET 
Recovery 
Time 
1 
~s 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
2.4V~AC 
< 


2.0 
DRIVING 
MEASUREMENT 
LEVELS 
0.45V 
0.8 
LEVEL 


tR• tF < 20 ns (10% to 90%) 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the Sl signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing that is compatible 
with SPI Mode 3. 


SO 
HIGH IMPEDANCE 


ISU 


IV 
HIGHZ 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~~ 
~~~ 
_ 


tREC t-+-+ 
ICSS 


... .JLJLfl IXxxxx>RXI 
!1..JLSL 


i.-- 
IRST-11 


RESET ---------------~~~ 
__ 
~*~------ 


HIGH IMPEDANCE 
HIGH IMPEDANCE 


SO --------------- 
••• cx=:>c=)------------ 


MSB -----.. 
r 
r 
r 
r X X X X 
L,--J 
! 


Reserved for 


larger densities 


I 
Page Address 


(PA1O-PAO) 


I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8-BFAO) 


x X X X 
X X X X .- 
LSB 


I 


Notes: 
1. 
"r" designates 
bits reserved 
for larger 
densities. 


2. 
It is recommended 
that "r" be a logical 
"0' for densities 
of 4M bit or smaller. 


3. 
For densities 
larger than 4M bit, the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


• 


C8~ 


81 XXXX 
CMD 
)«rrrr, 
PA9-V(PA6-D,BFA8X 
BFA7-D X~__ 
~X 
n+1 >e... =x LastBy!e 
XXXX 


. Completes writing into selected buffer 
. Starts self-timed 
erase/program 
operation 
~r- 


. Completes 
writing into selected 
buffer 
-------'r- 


C8~ 


81XXXX 


Starts self-timed erase/program 
operation 
-------",r- 


CMD 
)(r r r r r, PA9-7X 
PA6-D, X 
X 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock 
cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


cs~~ 
~ 


Starts 
reading 
page 
data 
into buffer 


~~ 


Each transition 
represents 
~ 


8 bits and 8 clock 
cycles 
~ 


n = 1st byte written 


n+ 1 = 2nd byte written 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 
cs~,- 
~r- 


, 
•... ~xxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
De 
05 
MSB 


Buffer Read 
cs ~ 
~r- 


40 
42 


, 
• ...~xxxxxx 


tV~ 
HIGH.IMPEDANCE 
DATA OUT 
07 
De 
05 
MSB 


Status Register Read 
cs~~ 
---/r 


HIGH-IMPEDANCE 
I 
STATUS REGISTER OUTPUT 
SO--------------------~ 
...~ 
MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


cs~,- 
~~ 


62 
63 
65 


o 
, 
0 
••• ~zxzxzxzxz 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 
MSB 


Buffer Read 


cs~,- 
~~ 


o 
, 
0 
••• ~zzzzzzx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 
04 
MSB 


Status Register Read 
cs~ 
r 


MaIn Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PA4 
X 
X 
PM 
PA4 
PA4 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BA4 
BFM 
BFM 
X 
X 
X 
X 
BFA4 
BFM 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFA1 
X 
X 
X 
X 
BFA1 
BFA1 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
X (Don't Care) 
X 
X 
X 
r (reserved bits) 


X 
X 
X 
··· 
X (64th bit) 
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Buffer lto 
Buffer 2to 
Buffer lto 
Buffer 2to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built-In 
with Built-In 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PA5 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA4 
PA4 
PM 
PA4 
PM 
PM 
PM 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BA6 
BA6 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BM 
BM 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BAl 
BAl 
X 
X 


X 
X 
X 
X 
BAO 
BAO 
X 
X 


X (Don't Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provide address 


and data 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H,86H) 


Notes: 
1. 
This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buller 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,85H) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 


(83H,86H) 


Auto Page Rewnte(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array must be updated/rewritten 
at least once within 
every 


10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc(mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


5 
10 
0.02 
AT45DB041-JC 
32J 
Commercial 


AT45DB041-RC 
28R 
(O°C to lO°C) 


AT45DB041-TC 
28T 


AT45DB041-CC 
24C1 


5 
10 
0.02 
AT45DB041-JI 
32J 
Industrial 


AT45DB041-RI 
28R 
(·40°C 
to 85°C) 


AT45DB041-TI 
28T 


AT45DB041·CI 
24C1 
• 


Package 
Type 


32J 
32-Lead. 
Plastic 
J·Leaded 
Chip Carrier 
Package 
(PLCC) 


28R 
28-Lead. 
0.330" 
Wide, 
Plastic 
GUll-Wing 
Small 
Outline 
Package 
(SOIC) 


28T 
28-Lead. 
Plastic 
Thin Small Outline 
Package 
(TSOP) 


24C1 
24-Ball, 
5 x 5 Array 
Plastic 
Chip-Scale 
Ball Grid Array 
(CBGA) 
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Features 


• Single 2.7V • 3.6V Supply 
• Sequential Access, Parallel VO Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 4096 Pages (264 Bytes/Page) Main Memory 


• Two 264-Byte Data Buffers - Allows Receiving of Data while 
Reprogramming 
of Nonvolatile 
Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 liS Typical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 4 mA Active Read Current Typical 
- 2 IIA CMOS Standby Current Typical 


• 2 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Synchronous 
Clocking (Two Modes) 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial and Industrial 
Temperature Ranges 


Description 


The AT45DB080 
is a 2.7-volt only, sequential 
access, parallel interface 
Flash memory 


suitable for in-system 
reprogramming. 
Its 8,650,752 
bits of memory 
are organized 
as 


4096 pages of 264-bytes 
each. In addition to the main memory, 
the AT45DB080 
also 


contains 
two data buffers of 264-bytes 
each. The buffers allow receiving 
of data while 


a page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
ries that are accessed 
randomly 
with multiple 
address 
lines and a parallel 
interface, 


Pin Name 
Function 


CS 
Chip Select 


ClK 
Clock 


1/07-1/00 
InpuVOutput 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


RDY/BUSY 
Ready/Busy 


VCC 
NC 


NC~= 
ROY~ 


NC 


NC 
NC 


1107 
1108 
I/O, 


1104 


VCC 


TSOP Top View 


Type 1 


RDVJ8USY= 
WP 


NC 


NC 


NC 


VCC 


GND 


NC 


NC 


NC 


NC~ 


CLK 


DC 
DC 
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8-Megabit 
2.7-volt Only 
Sequential 
Access 
Parallel I/O 
• 
DataFlash@ 


AT45DB080 
Preliminary 


the DataFlash 
uses 
a parallel 
interface 
to sequentially 
access 
its data. The simple 
sequential 
access 
facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and reduces 
package 
size and active 
pin 
count. The device is optimized 
for use in many commercial 
and industrial 
applications 
where 
high 
density, 
low pin 
count, 
low voltage, 
and low power 
are essential. 
Typical 
applications 
for the DataFlash 
are digital 
voice 
storage, 
image storage, 
and data storage. 
The device 
operates 
at 
clock frequencies 
up to 2 MHz with a typical 
active 
read 
current consumption 
of 4 mA. 


AlmEL 


To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB080 
does not require 
high input voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power 
sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB080 
is enabled 
through 
the chip 
select pin (CS) and accessed 
via an interface 
consisting 
of 
the parallel 
input/output 
(1/07-1/00) 
pins 
and the clock 
(ClK) pin. 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


elK ---.. 
es ---.. 


RESET 
---.. 


vee ---.. 


GND 
---.. 


RDY/BUSY.- 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 
instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
1-byte opcode 
and the desired 
buffer or main 
memory address 
location. 
While the CS pin is low, toggling 
the ClK pin controls 
the loading 
of the opcode 
and the 
desired 
buffer 
or main memory 
address 
location 
through 
the input pins (1/07-1/00). 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data 
directly 
from 
anyone 
of the 4096 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 1-byte opcode, 52H, is followed 
by 3 
address 
bytes 
(which 
comprise 
the 24 page 
and 
byte 


address 
bits) and 60 don't care bytes. 
In the AT45DB080, 


the first three address 
bits are reserved 
for larger 
density 
devices 
(see Notes on page 64), the next 12 address 
bits 
(PA 11-PAO) specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 60 don't care bytes which follow the 3 
address 
bytes are sent to initialize 
the read operation. 
Fol- 
lowing 
the 60 don't 
care bytes, 
additional 
pulses 
on ClK 
result in data being output 
on the output 
pins (1/07-1/00). 
The 
CS pin must 
remain 
low during 
the 
loading 
of the 
opcode, 
the address 
bytes, the don't 
care bytes, 
and the 
reading of data. When the end of a page in main memory 
is 
reached 
during a main memory 
page read, the device will 
continue 
reading at the beginning 
of the same page. A low 
to high transition 
on the CS pin will terminate 
the read oper- 
ation and tri-state the output pins. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 


buffer 2. To perform 
a buffer read, the 1-byte opcode 
must 
be followed 
by the three 
address 
bytes 
comprised 
of 15 
don't care bits and nine address 
bits. Following 
the three 
address 
bytes, 
an additional 
don't 
care 
byte 
must 
be 
clocked 
in to initialize 
the read operation. 
Since the buffer 
size 
is 264-bytes, 
nine 
address 
bits 
(BFA8-BFAO) 
are 
required to specify the first byte of data to be read from the 
buffer. The es pin must remain 
low during 
the loading 
of 
the opcode, 
the address 
bytes, the don't 
care bytes, 
and 
the reading 
of data. When 
the end of a buffer 
is reached, 
the device 
will continue 
reading 
back at the beginning 
of 
the buffer. A low to high transition 
on the es pin will termi- 
nate the read operation 
and tri-state the output pins. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 1 or buffer 2. A 1-byte opcode, 
53H for buffer 1 and 
55H for buffer 
2, is followed 
by the three 
address 
bytes 
comprised 
of the three 
reserved 
bits, 
12 address 
bits 
(PA 11-PAO) which specify the page in main memory that is 
to be transferred, 
and nine don't care bits. The es pin must 
be low while toggling 
the elK pin to load the opcode 
and 
the address 
bytes from the input pins. The transfer 
of the 
page of data from the main memory 
to the buffer will begin 
when the es pin transitions 
from a low to a high state. Dur- 
ing the transfer 
of a page of data (tXFR)' 
the status register 
can be read to determine 
whether 
the transfer 
has been 
completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 1 or buffer 2. A 1-byte opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by three address bytes consist- 
ing of three 
reserved 
bits, 
12 address 
bits (PA11-PAO) 
which 
specify 
the page in the main memory 
that is to be 
compared 
to the buffer, and nine don't care bits. The load- 
ing of the opcode 
and the address 
bits is the same 
as 
described 
previously. 
The es pin must be low while tog- 
gling the elK pin to load the opcode and the address bytes 
from the input pins. On the low to high transition 
of the es 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be clocked 
in from the input 
pins into either buffer 1 or buffer 2. To load data into either 
buffer, a 1-byte opcode, 
84H for buffer 
1 or 87H for buffer 
2, is followed 
by the three address 
bytes comprised 
of 15 
don't 
care bits and nine address 
bits (BFA8-BFAO). 
The 
nine address 
bits specify 
the first byte in the buffer to be 
written. 
The data is entered 
following 
the address 
bits. If 
the end of the data buffer is reached, 
the device will wrap 
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around 
back to the beginning 
of the buffer. 
Data will con- 
tinue to be loaded 
into the buffer until a low to high transi- 
tion is detected 
on the es pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into the main 
memory. 
A 1-byte 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the three address 
bytes consisting 
of three 
reserved 
bits, 
12 address 
bits (PA11-PAO) 
that specify 
the page in the 
main memory 
to be written, 
and nine additional 
don't care 
bits. When 
a low-to-high 
transition 
occurs 
on the es pin, 
the part will first erase the selected 
page in main memory to 
all 1s and then program 
the data stored 
in the buffer 
into 
the specified 
page in the main memory. 
Both the erase and 
the programming 
of the page are internally 
self timed and 
should 
take place 
in a maximum 
time of tEP' 
During 
this 
time, the status register will indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with 
the contents 
of 
either buffer 1 or buffer 2. A 1-byte opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by three address 
bytes con- 
sisting 
of three reserved 
bits, 12 address 
bits (PA11-PAO) 
that specify the page in the main memory 
to be written, and 
nine additional 
don't care bits. When a low to high transition 
occurs on the es pin, the part will program 
the data stored 
in the buffer into the specified 
page in the main memory. 
It 
is necessary 
that the page in main memory 
that is being 
programmed 
has been previously 
programmed 
to all 1s 
(erased 
state). 
The programming 
of the page is internally 
self timed and should take place in a maximum 
time of tp. 


During 
this time, the status 
register 
will indicate 
that the 
part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
clocked 
into buffer 
1 or buffer 
2 from 
the input 
pins and 
then programmed 
into a specified 
page in the main mem- 
ory. A 1-byte opcode, 82H for buffer 1 or 85H for buffer 2, is 
followed 
by three 
address 
bytes 
comprised 
of three 
reserved 
bits and 21 address 
bits. The 12 most significant 
address 
bits (PA11-PAO) select the page in the main mem- 
ory where 
data is to be written, 
and the next nine address 
bits (BFA8-BFAO) 
select 
the first byte in the buffer 
to be 
written. 
After all address 
bytes are clocked 
in, the part will 
take data from the input pins and store it in one of the data 
buffers. 
If the end of the buffer is reached, 
the device 
will 
wrap 
around 
back to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the es pin, the part will 
first erase the selected 
page in main memory 
to all1s 
and 
then program 
the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should 
take 


• 


place in a maximum 
of time tEp. During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Butter 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory to 
buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back into its original 
page of 
main memory. 
A 1-byte opcode, 58H for buffer 1 or 59H for 
buffer 2, is followed 
by the three address 
bytes comprised 
of three 
reserved 
bits, 
12 address 
bits (PA11-PAO) 
that 
specify the page in main memory 
to be rewritten, 
and nine 
additional 
don't 
care bits. When 
a low to high transition 
occurs 
on the CS pin, the part will first transfer 
data from 
the page in main memory to a buffer and then program 
the 
data from the buffer back into same page of main memory. 
The operation 
is internally 
self-timed 
and should take place 
in a maximum 
time of tEP' During this time, the status regis- 
ter will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 
sequentially 
page by page, 
then the programming 
algo- 
rithm 
shown 
in Figure 
1 is recommended. 
Otherwise, 
if 
multiple 
bytes in a page or several 
pages are programmed 
randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded 
into the device. 
After 
the opcode 
is 
clocked in, the 1-byte status register will be clocked 
out on 
the output pins during the next clock cycle. The five most- 
significant 
bits of the status 
register 
will contain 
device 
Status Register Format 
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information, 
while the remaining 
three least-significant 
bits 
are reserved 
for future 
use and will have undefined 
values. 


After the one byte of the status 
register 
has been clocked 
out, the sequence 
will repeat itself (as long as CS remains 
low and ClK 
is being toggled). 
The data in the status regis- 
ter is constantly 
updated, 
so each repeating 
sequence 
will 
output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status 
register 
on 1/07 by stopping 
ClK 
once 
bit 7 has 
been output on 1/07. The status of bit 7 will continue 
to be 
output 
on the 1/07 pin, and once the device 
is no longer 
busy, the state of 1/07 will change from 0 to 1. There are six 
operations 
which 
can cause 
the device 
to be in a busy 
state: Main Memory 
Page to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Pro- 
gram with Built-In Erase, Buffer to Main Memory 
Page Pro- 
gram without 
Built-In 
Erase, 
Main Memory 
Page Program, 


and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB080, 
the three bits are 1, 0, 
and O. The decimal 
value 
of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, allowing 
a total of eight different 
density 
configurations. 


Bit 7 


RDY/BUSY 


Bit 6 


COMP 


Read/Program Mode Summary 
The modes listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group A) and modes which 
do not make use of the flash 
memory array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program with 
built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program with- 
out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 
during 
this time in which 
a Group 
A mode is in progress, 
modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled 
high; therefore, 
in low pin count 
applica- 
tions, connection 
of the WP pin is not necessary 
if this pin 
and feature 
will 
not be utilized. 
However, 
it is recom- 
mended 
that the WP pin be driven 
high externally 
when- 
ever possible. 


RESET: A low state on the reset pin (RESET) will terminate 
the operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
incorporates 
an internal 
power-on 
reset circuit, 


so there 
are 
no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including 
NC Pins) 
with Respect to Ground 
-O.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6V to Vcc + O.6V 


pulled 
high; therefore, 
in low pin count 
applications, 
con- 
nection 
of the RESET 
pin is not necessary 
if this pin and 
feature 
will not be utilized. 
However, 
it is recommended 
that the RESET 
pin be driven 
high 
externally 
whenever 
possible. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover- 
• 
ing from 
a reset condition, 
the device 
will default 
to the 
~ 
"Inactive 
Clock Polarity 
High" mode. In addition, 
the output 
pins (1/°7 - 1/°0) will be in a high impedance 
state, and a 
high to low transition 
on the CS pin will be required to start 
a valid instruction. 
The Clock 
Polarity 
mode will be auto- 
matically 
selected 
on every falling edge of CS by sampling 
the inactive clock state. 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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Operating Temperature 
I Com. 
O°Cto 70°C 
(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(1) 
2.7Vto 3.6V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


ISB 
Standby 
Current 
CS, RESET, 
WP = V1H,all inputs 
2 
10 
IJA 
at CMOS 
levels 


'CCl 
Active 
Current, 
Read 
f = 2 MHz; lOUT= 0 mA; 
4 
10 
mA 
Operation 
Vcc = 3.6V 


ICC2 
Active 
Current, 
15 
35 
mA 
Program/Erase 
Operation 


III 
Input Load Current 
V1N= OV to Vcc 
1 
IJA 


ILO 
Output 
Leakage 
Current 
Vvo = OV to Vcc 
1 
IJA 


V1L 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
tOL = 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= -100 IJA 
Vcc - 0.2V 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
2 
MHz 


tWH 
SCK High Time 
200 
ns 


tWL 
SCK Low Time 
200 
ns 


tcs 
Minimum 
CS High Time 
250 
ns 


less 
CS Setup Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


IesB 
CS High to RDY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup Time 
20 
ns 


tH 
Data In Hold Time 
50 
ns 


tHo 
Output 
Hold Time 
0 
ns 


tD1S 
Output 
Disable 
Time 
150 
ns 


tv 
Output 
Valid 
180 
ns 


tXFR 
Page to Buffer Transfer/Compare 
Time 
120 
250 
IJS 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
14 
ms 


tRST 
RESET 
Pulse Width 
10 
J.lS 


tREc 
RESET 
Recovery 
Time 
1 
J.lS 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
<2. 


4V=X:=,O 
AC 
DRIVING 
MEASUREMENT 


LEVELS 
O.45V 
0.8 
LEVEL 
~30PF 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the ClK signal being low when C8 makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the ClK signal 
being high when C8 makes 
a high-to-Iow 
transition. 
Both 


Waveform 1 - Inactive Clock Polarity Low 


waveforms 
show valid timing diagrams. 
The setup and hold 
times 
for the 81 signal 
are referenced 
to the low-to-high 
transition 
on the ClK signal. 


1/07·1/00 


(OUTPUT) 


1/07·1/00 


(INPUT) 
• 


!DIS 


HIGH IMPEDANCE 
tV 


1/07-1/00 
HIGH Z 


(OUTPUT) 


1/07-1/00 


(INPUT) 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~~ 
~~ 
_ 


,REC t=t-+ ,css 


SCK 
••• JlSlJl 
~IX-X~X-X-X~~rLfU1.- 


RESET 
~r_'RST-i------- 


1/07-1/00 


(INPUT) 


MSB ----. 
r r r X 
X X X X 
Y' 
Reserved 
for 


larger densities 


I 
Page Address 
(pAll-PAO) 


I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8-BFAO) 


Notes: 
1. 
"r" designates 
bits reserved 
for larger densities. 


2. 
It is recommended 
that "r" be a logical 
"0" for densities 
of 8M bit or smaller. 


3. 
For densities 
larger than 8M bit. the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


• 


cs~ 
I/~J~Gq.~ 
XXXX 
CMD 
Xrrr, PAl1-7XPA6-o,BFASXBFA7·0X~_~X 
"+1 >Coo.=>< LaslByteXXXX 
ADDR 
ADDR 
ADDR 


. Completes 
writing into selected 
buffer 
- Starts self-timed 
erase/program 
operation 
~,r- 


. Completes 
writing into selected 
buffer 
~,r- 


Starts self·timed 
erase/program 
operation 


CS~ 
~r- 


I/~J~Gq.~XXXXCMD 
Xrrr, PA11.7X PA6-0,XX 
X 
XXXX 


ADDR 
ADDR 
ADDR 


Each transition 
represents 
~ 
8 bits and 1 clock cycle ~ 


n = 1st byte written 


n+ 1 = 2nd byte written 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various read sequences 
available. 


Main Memory Page Read 


cs~~ 
~~ 
'/8rJ~Gq.~ 
CMD 
~XXXXXXX 
ADDR 
ADDR 
(J8t~Gq.~------------------------------~~ 


Starts 
reading 
page data into buffer 
-----..~ 


V(?rJ~Gq.~ 
CMD 
ADDR 
ADDR 
(J8t~Gq.~ 
--------------------- 


cs~ 
~ 
J/8rJ~Gq.~ 
ADDR 
ADDR 
(J8t~Gq.~------------------<~ 


Each transition 
represents 
~ 
8 bits and 1 clock cycle ~ 
n = 1st byte written 


n+ 1 = 2nd byte written 


Detailed Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~~ 
~~ 


61 
62 
63 
64 
65 
66 


00 
, 
••• ~xxxxxxx 


1/07-1/0...9 
HIGH-IMPEDANCE 
tV I DATA 
OUT 
(OUTPUT)-----------------------~~ 
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Detailed Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 
cs~~ 
r- 


62 
63 


00 
00 
, '''~SX:8::8::8:SXXX 


HIGH-IMPEDANCE 
tV 
~ 


AT 
AT 
AT 
AT 


"l/J;'ll1'l :8:;~><><><><SX:8::8:X 


tV 
HIGH-IMPEDANCE 
DATA OUT 


ClK 


~ 


SU 
I.- 


I/~rJ~6~ 
M 
-XX-X~X-X-X-X-X-X-X-X-X-X-X-> 


tV~ 
1/07-1/00 
HIGH 
HIGH 


(OUTPUT) 
IMPEDANCE 
AT 
AT 
AT 
IMPEDANCE 
STATUS 
REGISTER 
OUTPUT 


X (Don't 
Care) 
r (reserved 
bits) 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 
1 
Bufler 
2 
Page to Buffer 
Page to Buffer 
Page to Buffer 
Page to Buffer 
Buller 
1 
Buller 
2 


Page Read 
Read 
Read 
1 Transfer 
2 Transfer 
1 Compare 
2 Compare 
Write 
Write 


Opcode 


elK 
VO 
52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


7 
0 
0 
0 
0 
0 
0 
0 
1 
1 


6 
1 
1 
1 
1 
1 
1 
1 
0 
0 


5 
0 
0 
0 
0 
0 
1 
1 
0 
0 


4 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 


2 
0 
1 
, 
0 
1 
0 
0 
, 
, 


1 
, 
0 
, 
, 
0 
0 
0 
0 
, 


0 
0 
0 
0 
, 
1 
0 
1 
0 
, 


7 
r 
X 
X 
r 
r 
r 
r 
X 
X 


6 
r 
X 
X 
r 
r 
r 
r 
X 
X 


5 
r 
X 
X 
r 
r 
r 
r 
X 
X 


4 
PAll 
X 
X 
PAl' 
PAll 
PAll 
PAll 
X 
X 
2 
3 
PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


2 
PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


1 
PAS 
X 
X 
PA8 
PAS 
PA8 
PA8 
X 
X 


0 
PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


7 
PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


6 
PA5 
X 
X 
PAS 
PA5 
PA5 
PA5 
X 
X 


5 
PM 
X 
X 
PA4 
PA4 
PA4 
PA4 
X 
X 


4 
PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 
3 
3 
PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


2 
PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 
, 
PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


0 
BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


7 
BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


6 
BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


5 
BAS 
BFAS 
BFA5 
X 
X 
X 
X 
BFAS 
BFA5 


4 
BA4 
BFM 
BFA4 
X 
X 
X 
X 
BFA4 
BFM 
4 
3 
BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


2 
BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


1 
BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFA1 
BFAl 


0 
BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


7 
X 
X 
X 


6 
X 
X 
X 


5 
X 
X 
X 


4 
X 
X 
X 
5 
3 
X 
X 
X 


2 
X 
X 
X 


1 
X 
X 
X 


0 
X 
X 
X 
. 
X (Don't 
Care) 


7 
x 
r (reserved 
bits) 


6 
x 


5 
X 


4 
X 
64 
3 
X 


2 
X 


1 
X 


0 
X 
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Buffer 1 to 
Buffer 2 to 
Buffer 1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 


with Bullt- 
with Bullt- 
Built-In 
Bul"-In 
Through 
Through 
Through 
Through 
Status 
In Erase 
In Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


elK 
VO 
83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


7 
I 
I 
I 
I 
I 
I 
0 
0 
0 


6 
0 
0 
0 
0 
0 
0 
I 
I 
I 


5 
0 
0 
0 
0 
0 
0 
0 
0 
0 


4 
0 
0 
0 
0 
0 
0 
I 
I 
I 
I 
0 
I 
1 
0 
3 
0 
0 
1 
I 
0 


2 
0 
I 
0 
0 
0 
I 
0 
0 
I 


I 
I 
I 
0 
0 
I 
0 
0 
0 
I 


0 
I 
0 
0 
I 
0 
I 
0 
I 
I 


7 
r 
r 
r 
r 
r 
r 
r 
r 


6 
r 
r 
r 
r 
r 
r 
r 
r 


5 
r 
r 
r 
r 
r 
r 
r 
r 


4 
PAIl 
PAIl 
PAIl 
PAIl 
PAIl 
PAIl 
PAIl 
PAIl 
2 
PAlO 
PAlO 
PAlO 
3 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


2 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


I 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


0 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


7 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PAG 
PAG 


G 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 


5 
PM 
PM 
PA4 
PA4 
PM 
PM 
PA4 
PA4 


4 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
3 
3 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


2 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


1 
PAO 
PAD 
PAO 
PAO 
PAD 
PAO 
PAO 
PAO 


0 
X 
X 
X 
X 
BA8 
BA8 
X 
X 


7 
X 
X 
X 
X 
BA7 
BA7 
X 
X 


G 
X 
X 
X 
X 
BAG 
BAG 
X 
X 


5 
X 
X 
X 
X 
BA5 
BA5 
X 
X 


4 
X 
X 
X 
X 
BM 
BA4 
X 
X 
4 
3 
X 
X 
X 
X 
BA3 
BA3 
X 
X 


2 
X 
X 
X 
X 
BA2 
BA2 
X 
X 


1 
X 
X 
X 
X 
BA1 
BA1 
X 
X 


0 
X 
X 
X 
X 
BAO 
BAO 
X 
X 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provideaddress 
anddata 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 


(83H,86H) 


Notes: 
1. 
This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 
(84H,87H) 


MAIN MEMORY PAGE PROGRAM 
(82H,85H) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,86H) 


Auto Page Rewrite(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Note: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array must be updated/rewritten 
at least once within 
every 
10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


Icc{mA) 


fSCK 
(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


2 
10 
0.01 
AT45DB080-RC 
28R 
Commercial 


AT45DB08D- 
TC 
32T 
(O°C to 70°C) 


2 
10 
0.01 
AT45DB080-RI 
28R 
Industrial 


AT45DB080-TI 
32T 
(-40°C 
to 85°C) 


Package 
Type 


28R 
I 28-Lead, 
0.330" 
Wide, 
Plastic 
GUll-Wing 
Small 
Outline 
Package 
(SOIC) 


32T 
I 32-Lead, 
Plastic 
Thin Small Outline 
Package 
(TSOP) 
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Features 


• Single 2.7V - 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 4096 Pages (264 Bytes/Page) Main Memory 
• Two 264-Byte SRAM Data Buffers - Allows Receiving of 
Data while Reprogramming 
of Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 IJsTypical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 4 mA Active Read Current Typical 
- 2 IJA CMOS Standby Current Typical 
• 10 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial and Industrial 
Temperature Ranges 


Description 


The AT45DB081 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 8,650,752 
bits of memory 
are organized 
as 4096 pages 
of 
264-bytes 
each. In addition 
to the main memory, 
the AT45DB081 
also contains 
two 
SRAM 
data buffers 
of 264-bytes 
each. The buffers 
allow 
receiving 
of data while 
a 
page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
ries that are accessed 
randomly 
with multiple 
address 
lines and a parallel 
interface, 
the DataFlash 
uses a serial interface to sequentially 
access its data. The simple serial 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


VCC 


NC 


NC 
WP 
RESET 


RDY/SOSY 


NC 


NC 


NC 


NC 


NC 


NC 
NC 


NC 


RDYIBUSY 
~ 
WP 


NC 


NC 


NC 


VCC 
GND 


NC 


NC 


NC 


NCcs 


SCK 


SI 
so 


TSOP Top View 
Type 1 
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AlmEL 
-------® 


a-Megabit 
2.7-volt Only 
Serial 
DataFlash® • 


interface 
facilitates 
hardware 
layout, increases 
system 
reli- 
ability, 
minimizes 
switching 
noise, 
and reduces 
package 
size and active pin count. The device is optimized 
for use in 
many commercial 
and industrial 
applications 
where 
high 
density, 
low pin count, 
low voltage, 
and low power 
are 
essential. 
Typical 
applications 
for the DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data 
storage. 
The 
device 
operates 
at clock frequencies 
up to 10 MHz with a 
typical active read current consumption 
of 4 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB081 
does not require 
high input voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB081 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


SCK 
----. 
CS 
----. 
RESET 
----. 


VCC 
----. 
GND ----. 
RDY/BUSY.- 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 
tion starts with the falling edge of CS followed 
by the appro- 
priate 8-bit opcode 
and the desired 
buffer or main memory 
address location. 
While the CS pin is low, toggling the SCK 
pin controls 
the loading 
of the opcode 
and the desired 
buffer 
or main 
memory 
address 
location 
through 
the Sl 
(serial input) pin. All instructions, 
addresses, 
and data are 
transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either 
one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data directly 
from 
anyone 
of the 4096 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45DB081, 
the 


first 
three 
address 
bits 
are reserved 
for larger 
density 
devices 
(see Notes on page 82), the next 12 address 
bits 
(pA11-PAO) 
specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output 
on the SO (serial output) 
pin. The CS pin must remain 
low during 
the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory 
is reached during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 


opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address 
bits, and eight don't care bits. Since the buffer size 
is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 


The 
CS pin must 
remain 
low during 
the loading 
of the 
opcode, the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, 
the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the CS pin will terminate 
the read 
operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 2, is followed 
by the three reserved 
bits, 12 
address 
bits (PA11-PAO) 
which 
specify 
the page in main 
memory 
that is to be transferred, 
and nine don't care bits. 


The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the SI pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR) 
, the status 
register 
can be read to determine 
whether the transfer has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the three reserved 
bits, 12 address 
bits (PA 11-PAO) which 
specify 
the page 
in the main 
memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling 
the SCK 
pin to load the opcode, 
the address 
bits, and the don't care 
bits from the Sl pin. On the low to high transition 
of the CS 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR), 
the status register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the SI pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits and nine 
address 
bits 
(BFA8-BFAO). 
The nine address 
bits specify the first byte in 
the buffer 
to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 
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BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into the 
main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the three 
reserved 
bits, 12 address 
bits (PA 11-PAO) that 
specify 
the page 
in the main 
memory 
to be written, 
and 
nine additional 
don't care bits. When a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place in a maxi- 
mum time of tEp. During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the three 
reserved 
bits, 


12 address 
bits (pA11-PAO) 
that specify 
the page in the 
main memory 
to be written, 
and nine additional 
don't care 
bits. When 
a low to high transition 
occurs 
on the CS pin, 
the part will program 
the data stored 
in the buffer 
into the 
specified 
page in the main memory. 
It is necessary 
that the 
page in main memory 
that is being programmed 
has been 
previously 
programmed 
to all 1s (erased 
state). 
The pro- 
gramming 
of the page is internally 
self timed 
and should 
take place in a maximum 
time of tp. During 
this time, the 
status register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the three reserved 
bits and 21 address bits. The 12 most 
significant 
address 
bits (PA11-PAO) 
select the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the Sl pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all1s 
and 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should 
take 
place in a maximum 
of time tEP' During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 


• 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 


A page of data is first transferred 
from the main memory to 
buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back 
into its original 
page of 
main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 2, is followed 
by the three reserved 
bits, 12 address 
bits (PA 11-PAO) that specify 
the page in main memory 
to 
be rewritten, 
and nine additional 
don't care bits. When 
a 
low to high transition 
occurs on the CS pin, the part will first 
transfer data from the page in main memory to a buffer and 
then program the data from the buffer back into same page 
of main memory. 
The operation 
is internally 
self-timed 
and 
should 
take 
place 
in a maximum 
time of tEP' 
During 
this 
time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 
sequentially 
page 
by page, 
then the programming 
algo- 
rithm shown 
in Figure 
1 is recommended. 
Otherwise, 
if 
multiple 
bytes in a page or several pages are programmed 
randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have undefined 
values. 
After bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from 
0 to 1. There 
are six operations 
which 
can 
cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
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Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 
Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB081, 
the three bits are 1,0, 
and O. The decimal 
value of these three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, allowing 
a total of eight different 
density 
configurations. 


Read/Program Mode Summary 
The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group 
A) and modes 
which do not make use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program 
with 
built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program 
with- 
out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should not be started. 
However, 
during 
this time in which 
a Group 
A mode 
is in progress, 
modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being 
programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


Bit? 


ROY/BUSY 


Bit 6 


COMP 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory 
cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled high; therefore, 
connection 
of the WP pin is 
not necessary 
if this 
pin and feature 
will not be utilized. 


However, 
it is recommended 
that the WP pin be driven high 
externally 
whenever 
possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit, so there are no restrictions 
on the RESET pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled high; therefore, 
connection 
of the RESET 
pin is not 
necessary 
if this pin and feature 
will not be utilized. 
How- 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


ever, it is recommended 
that the RESET pin be driven high 
externally 
whenever 
possible. 


READY/BUSY: 
This 
open drain 
output 
pin will be driven 
low when the device is busy in an intemally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


When power is first applied to the device, or when recover- 
ing from 
a reset 
condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high imipedance 
state, 
and a high to low transition 
on the CS pin will be 
• 
required 
to start a valid instruction. 
The SPI mode will be 
~ 
automatically 
selected 
on every falling 
edge of the CS by 
sampling 
the inactive clock state. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


AT45DB081 


Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(l) 
2.7V to 3.6V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


ISB 
Standby 
Current 
CS, RESET, 
WP = VIH, al.l inputs 
2 
10 
IJA 
at CMOS 
levels 


ICCI 


Active 
Current, 
Read 
f = 10 MHz; lOUT= 0 mA; 
4 
10 
mA 
Operation 
Vcc = 3.6V 


Icc2 


Active 
Current, 
Vcc = 3.6V 
15 
35 
mA 
Program/Erase 
Operation 


III 
Input Load Current 
VIN = CMOS 
levels 
1 
IJA 


ILO 
Output 
Leakage 
Current 
Vuo = CMOS 
levels 
1 
IJA 


Vll 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
tOl = 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output 
High Voltage 
IOH= -100 IJA 
Vcc - 0.2V 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
10 
MHz 


tWH 
SCK High Time 
40 
ns 


tWl 
SCK Low Time 
40 
ns 


Ics 
Minimum 
CS High Time 
250 
ns 


less 
CS Setup 
Time 
250 
ns 


tCSH 
CS Hold Time 
250 
ns 


IeSB 
CS High to RDY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup 
Time 
10 
ns 


tH 
Data In Hold Time 
25 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tOIS 
Output 
Disable 
Time 
75 
ns 


tv 
Output 
Valid 
80 
ns 


tXFR 
Page to Buller 
Transfer/Compare 
Time 
120 
200 
IJs 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
14 
ms 


tRST 
RESET 
Pulse Width 
10 
IJS 


tREc 
RESET 
Recovery 
Time 
1 
IJs 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
2.4V==X:= 
AC 
< 


2.0 
DRIVING 
MEASUREMENT 


lEVELS 
0.45V 
O.B 
lEVEL 


tR, tF < 20 ns (10% to 90%) 


~~PF 


AC Waveforms 


Two different timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows 
timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing that is compatible 
with SPI Mode 3. 


tDIS 


HIGH IMPEDANCE 
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Reset Timing (Inactive Clock Polarity Low Shown) 
cs ~ 
~ 


SCK 
••• I1SUl 
IX~X~X-;~E~~ 
L 


'RST 


MSB--'r 
r 
r 
r XXXX 
XXXX 
XXXX 
~ 
I~ 
~II 


---.-- 
J 
J 
Reserved for 
Page Address 
Byte/Buffer Address 


larger densities 
(PA1O-PAO) 
(BA8-BAO/BFA8-BFAO) 


x X X X 
X X X X ...- 
LSB 
I 


Notes: 
1. 
"r" designates 
bits reserved for larger densities. 


2. 
It is recommended 
that "r" be a logical "0' for densities 
of 8M bit or smaller. 


3. 
For densities 
larger than 8M bit, the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


CS~ 


SI XXXX 
CMD 
Xrrr. 
PA10-7)(PA6-0, 
BFASX 
BFA7-0 
X 
X 
n+1 >C".::X 
last Byte XXX 
X 


. Completes writing into selected buNer 
. Starts self·timed erase/program 
operation 
~r- 


. Completes writing into selected buNer 
~r- 


CS~ 


SIXXXX 


Starts self-timed erase/program 
operation 


~~ 


CMO 
)(rrrrr,PA9-7X 
PA6-0,X 
X 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
~ 


AlmEL 


n = 1Sl byte read 


n+ 1 = 2nd byte read 


• 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various read sequences 
available. 


Main Memory Page Read 


cs~ 
r- 


Starts reading page data into buffer 
------r- 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
/"---.../".. 
n = 1st byte read 
n+1 = 2nd byte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 
cs~,- 
--,~ 


65 
66 


, 
, ...~xxxxxxx 


IV~ 
HIGH.IMPEDANCE 
DATA OUT 
07 
06 
Os 
MSB 


Buffer Read 


CS~~ 
~~ • 


39 


, 
, ...~xxxxxxx 


IV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 
MSB 


Status Register Read 
cs~ 
~r 


HIGH.IMPEDANCE 
I" 
STATUS REGISTER OUTPUT 
SO-------------------~~ 
...~ 


MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


cs~~ 
r- 


62 
63 
65 


, 
, 
' ... ~:x:><XZZZX8:Z 


HIGH-IMPEDANCE 
tV 
~ 
07 
06 
05 
04 


MSB 


Buffer Read 
cs~~ 
~r- 


••• 
38 


" 
, ...~~ 


HIGH-IMPEDANCE 
DATAOUT 
07 
06 
05 
04 


MSB 


Status Register Read 
cs~ 
~r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 
Main Memory 
Buffer 1 
Buffer 2 
Page 10 Buffer 1 
Page 10 Buffer 2 
Page 10 Buffer 1 
Page 10 Buffer 2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Wrile 
Wrile 


Ope ode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAll 
X 
X 
PAll 
PAll 
PAll 
PAll 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PAS 
X 
X 
PAS 
PAS 
PAS 
PAS 
X 
X 


PM 
X 
X 
PA4 
PM 
PM 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BAS 
BFAS 
BFAS 
X 
X 
X 
X 
BFAS 
BFAS 


BM 
BFM 
BFM 
X 
X 
X 
X 
BFA4 
BFA4 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 
r (reserved 
bits) 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (641h bil) 
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Buffer 1 to 
Buffer 2to 
Buffer 1 to 
Buffer 2to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Buill-In 
with Built-In 
Buill-In 
Built-In 
Through 
Through 
Through 
Through 
Status 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
8SH 
S8H 
S9H 
S7H 


1 
I 
I 
I 
I 
I 
0 
0 
0 


0 
0 
0 
0 
0 
0 
I 
I 
I 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
I 
I 
I 


0 
0 
I 
I 
0 
0 
1 
I 
0 


0 
I 
0 
0 
0 
1 
0 
0 
I 


I 
I 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
0 
I 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAIl 
PAll 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PAS 
PAS 
PAS 
PAS 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA4 
PA4 
PM 
PM 
PM 
PM 
PA4 
PA4 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
BA8 
BA8 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BM 
BM 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BAl 
BAl 
X 
X 


X 
X 
X 
X 
BAO 
BAO 
X 
X 


X (Don't 
Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provide address 


and data 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,86H) 


Notes: 
1. This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,85H) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 


(83H,86H) 


Auto Page Rewrite(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


END 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array must be updated/rewritten 
at least once within 
every 


10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 


must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait un1il1 0,000 


cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 


note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc(mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


10 
10 
0.01 
AT45DB081-RC 
28R 
Commercial 


AT45DB081-TC 
32T 
(O°C to 70°C) 


10 
10 
0.01 
AT45DB081-RI 
28R 
Industrial 


AT45DB081-TI 
32T 
HO°C 
to 85°C) 


Package 
Type 


28R 
I 28-Lead, 
0.330" 
Wide. 
Plastic 
Gull-Wing 
Small 
Outline 
Package 
(SOIC) 


32T 
I 32-Lead. 
Plastic 
Thin Small Outline 
Package 
(TSOP) 
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PLCC 
TSOP Top View 
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Type 1 


UZZCl>ZZ 
RDYJBUSY 
NC 
REID 
NC 


5CK 
we 


WP 
NC 


5' 
RESET 


NC 
NC 


NC 
NC 
so 
ROY/BUSY 
VCC 
NC 


NC 
NC 
OND 
NC 


NC 
NC 
NC 
NC 


NC 
NC 
NC 
NC 


NC 
NC 
NC 
NC 


NC 
NC 
"'" 


NC 


NC 
NC 


SCK 
NC 


S' 
NC 
so 
NC 
~~gg~~~ 
Rev. OB07e-D7/98 


Note: PLCC package pins 16 
and 17 are DON'T CONNECT 
AlmsL 
4-93 


Features 


• Single 2.7V - 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 4096 Pages (528 Bytes/Page) Main Memory 
• Optional Page and Block Erase Operations 
• Two 528-Byte SRAM Data Buffers - Allows Receiving of Data 
while Reprogramming 
of Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 IJSTypical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 4 mA Active Read Current Typical 
- 3 IJA CMOS Standby Current Typical 
• 13 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible Inputs and Outputs 
• Commercial 
and Industrial Temperature Ranges 


Description 


The AT45DB161 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 17,301,504 
bits of memory 
are organized 
as 4096 pages of 
528 bytes each. In addition 
to the main memory, 
the AT45DB161 
also contains 
two 
SRAM 
data buffers 
of 528 bytes 
each. The buffers 
allow 
receiving 
of data while 
a 
page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


SOIC 
CBGA Top View 
Through 
Package 


OND 
, 
28 
VCC 


NC 
2 
27 
NC 
1 
2 
3 
4 
5 


NC 
3 
26 
NC 


"'" 


4 
25 
WP 


SCK 
5 
24 
REID 


$I 
, 
23 
RDvtBiJ$V 
A 
(: 
0 c 
0 
SO 
7 
22 
NC 
NO 
NO 
NO 
NO 


NC 
, 
21 
NC 
0 
0 
() 
0 


NC 
9 
20 
NC 
NO 
SO( 
ON; 
VCC 
NO 


NC 
,. 
19 
NC 
C 
C, ~~~~ 
0 


NC 
\1 
19 
NC 
NO 
NO 


NC 
12 
17 
NC 
D 
0 
0 
0 


...... 
,", 


NC 
13 
16 
NC 
NO '" • 


RESfT 
NO 


0 
0 
0 
0 
() 


NC 
14 
15 
NC 
NO 
NO 
NO 
NO 
NO 
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ries that are accessed 
randomly 
with multiple 
address 
lines 
and a parallel 
interface, 
the DataFlash 
uses a serial inter- 
face to sequentially 
access its data. The simple serial inter- 
face 
facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and reduces 
package 
size and active pin count. The device is optimized 
for use in 
many commercial 
and industrial 
applications 
where 
high 
density, 
low pin count, 
low voltage, 
and 
low power 
are 
essential. 
Typical 
applications 
for the DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data 
storage. 
The 
device 
operates 
at clock frequencies 
up to 13 MHz with a 


typical active read current consumption 
of 4 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB161 
does not require 
high input voltages 
for pro- 


gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB161 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial Input (Sl), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


SCK 
----. 


CS 
----. 


RESET 
----. 


VCC 
----. 
GNO 
----. 
ROY/BUSY 
..- 


Memory Array 


To provide 
optimal 
flexibility, 
the memory 
array 
of the 
AT45DB161 
is divided 
into three levels of granularity 
com- 
prising 
of sectors, 
blocks, 
and pages. 
The Memory 
Archi- 
tecture Diagram 
illustrates 
the breakdown 
of each level and 


details 
the number 
of pages per sector 
and block. All pro- 
gram operations 
to the DataFlash 
occur on a page by page 
basis; however, 
the optional 
erase operations 
can be per- 
formed at the block or page level. 


BLOCK • 
BLOCK 1 


BLOCK 30 


BLOCK 31 


BLOCK 32 
-- 


BLOCK 33 


BLOCK .2 


BLOCK 63 


BLOCK •• 
BLOCK 
OS 


BLOCK •• 


BLOCK ••• 
BLOCK 51. 


BLOCK 511 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 


instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
8-bit opcode 
and the desired 
buffer 
or main 
memory 
address 
location. 
While the CS pin is low, toggling 
the SCK pin controls 
the loading 
of the opcode 
and the 
desired 
buffer 
or main memory 
address 
location 
through 
the SI (serial 
input) 
pin. All instructions, 
addresses, 
and 
data are transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either 
one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data 
directly 
from 
anyone 
of the 4096 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45DB161, 
the 
first 
two 
address 
bits 
are 
reserved 
for 
larger 
density 
devices 
(see Notes on page 102), the next 12 address 
bits 


(PA 11-PAO) 
specify 
the page 
address, 
and the next 
10 
address 
bits (BA9-BAO) 
specify 
the starting 
byte address 
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PAGE • 
PAGE 1 


PAGE • 
PAGE 7 


PAGE • 
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PAGE " 
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PAGE 17 
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PAGE .003 
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within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output 
on the SO (serial 
output) 
pin. The CS pin must remain 
low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory 
is reached during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must be followed 
by 14 don't care bits, 10 address 
bits, and eight don't care bits. Since the buffer size is 528- 
bytes, 10 address 
bits (BFA9-BFAO) 
are required to specify 
the first byte of data to be read from the buffer. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, the don't care bits, and the reading 
of data. 


When 
the end of a buffer 
is reached, 
the device 
will con- 
tinue reading 
back at the beginning 
of the buffer. A low to 


high transition 
on the CS pin will terminate 
the read opera- 
tion and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the two reserved 
bits, 
12 
address 
bits (PA11-PAO) 
which 
specify 
the page in main 
memory 
that is to be transferred, 
and 10 don't 
care bits. 
The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the 51 pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the two reserved 
bits, 12 address 
bits (PA 11-PAO) which 
specify 
the page 
in the main 
memory 
that is to be com- 
pared to the buffer, 
and 10 don't care bits. The loading 
of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling 
the SCK 
pin to load the opcode, the address 
bits, and the don't care 
bits from the SI pin. On the low to high transition 
of the CS 
pin, the 528 bytes in the selected 
main memory 
page will 
be compared 
with the 528 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the Sl pin 
into either 
buffer 
1 or buffer 
2. To load 
data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 14 don't care bits and 10 address 
bits (BFA9- 
BFAO). The 
10 address 
bits specify 
the first 
byte 
in the 
buffer 
to be wrillen. 
The 
data 
is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 
Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the C5 pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data wrillen 
into either buffer 1 or buffer 
2 can 
be programmed 
into the 
main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the two reserved 
bits, 
12 address 
bits (PA 11-PAO) 
that 
specify the page in the main memory 
to be wrillen, 
and 10 
additional 
don't 
care bits. When 
a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
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memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place in a maxi- 
mum time of tEp. During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with 
the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the two reserved 
bits, 12 
address 
bits (PA11-PAO) 
that specify the page in the main 
memory 
to be wrillen, 
and 
10 additional 
don't 
care bits. 
When a low to high transition 
occurs on the CS pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously 
erased. 
The programming 
of the page is internally 
self timed and should 
take place in a maximum 
time of tp. 
During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


PAGE ERASE: The optional 
Page Erase command 
can be 
used to individually 
erase 
any page in the main memory 
array allowing 
the Buffer 
to Main Memory 
Page Program 
without 
Built-In 
Erase 
command 
to be utilized 
at a later 
time. To perform 
a Page Erase, an opcode 
of 81 H must be 
loaded 
into the device, 
followed 
by two reserved 
bits, 
12 
address 
bits (PA11-PAO), 
and 10 don't 
care bits. The 12 
address bits are used to specify which page of the memory 
array is to be erased. 
When a low to high transition 
occurs 
on the CS pin, the part will erase the selected 
page to 1s. 
The erase operation 
is internally 
self-timed 
and should take 
place in a maximum 
time of tpE. During this time, the status 
register will indicate that the part is busy. 


BLOCK 
ERASE: 
A block of eight pages can be erased 
at 
one time allowing 
the Buffer 
to Main 
Memory 
Page Pro- 
gram 
without 
Built-In 
Erase 
command 
to be utilized 
to 
reduce 
programming 
times when writing 
large amounts 
of 
data to the device. To perform a Block Erase, an opcode of 
SOH must 
be loaded 
into 
the 
device, 
followed 
by two 
reserved 
bits, nine address 
bits (PA 11-PA3), 
and 13 don't 
care bits. The nine address 
bits are used to specify 
which 
block of eight pages 
is to be erased. 
When 
a low to high 
transition 
occurs 
on the CS pin, the part will 
erase 
the 
selected 
block of eight pages to 1s. The erase operation 
is 
internally 
self-timed 
and should 
take place in a maximum 
time of tBE. During this time, the status register will indicate 
that the part is busy. 


_______________ 
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PA10 
PA9 
PAS 
PA7 
PA6 
PA5 
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X 
X 
510 


1 
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MAIN 
MEMORY 
PAGE 
PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the two reserved 
bits and 22 address 
bits. The 12 most 
significant 
address 
bits (PA11-PAO) 
select the page in the 
main memory 
where 
data is to be written, 
and the next 10 
address 
bits (BFA9-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the SI pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back 
to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should 
take 
place in a maximum 
of time tEP' During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed 
if multi- 
ple by1es within a page or multiple pages of data are modi- 
fied in a random fashion. 
This mode is a combination 
of two 
operations: 
Main 
Memory 
Page to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory 
to 
buffer 1 or buffer 2, and then the same data (from buffer 
1 
or buffer 
2) is programmed 
back into its original 
page of 
main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 
2, is followed 
by the two reserved 
bits, 12 address 
bits (PA11-PAO) 
that specify 
the page in main memory 
to 
be rewritten, 
and 10 additional 
don't care bits. When a low 
to high transition 
occurs 
on the CS pin, the part will first 
transfer data from the page in main memory to a buffer and 
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then program the data from the buffer back into same page 
of main memory. 
The operation 
is internally 
self-timed 
and 
should 
take place 
in a maximum 
time of tEP' 
During 
this 
time, the status register will indicate that the part is busy. 


If a sector 
is programmed 
or reprogrammed 
sequentially 
page by page, then the programming 
algorithm 
shown 
in 
Figure 1 is recommended. 
Otherwise, 
if multiple 
by1es in a 
page or several pages are programmed 
randomly 
in a sec- 
tor, then the programming 
algorithm 
shown 
in Figure 
2 is 
recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains 
low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from 0 to 1. There are eight operations 
which can 


• 


cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, Page Erase, Block Erase, Main Memory 
Page Pro- 
gram, and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 


register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory page does not 
match the data in the buffer. 


The device density is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45DB161, 
the three bits are 1,0, 
and 1. The decimal 
value of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, allowing a total of eight different 
density 
configurations. 


Read/Program Mode Summary 
The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 


(Group A) and modes which do not make use of the flash 
memory array (Group B). 


Group A modes consist of: 


1. 
Main Memory 
Page Read 


2. 
Main Memory 
Page to Buffer 1 (or 2) Transfer 


3. 
Main Memory 
Page to Buffer 1 (or 2) Compare 


4. 
Buffer 1 (or 2) to Main Memory 
Page Program With 
Built-In Erase 


5. 
Buffer 1 (or 2) to Main Memory 
Page Program With- 
out Built-In Erase 


6. 
Page Erase 


7. 
Block Erase 


8. 
Main Memory 
Page Program 


9. 
Auto Page Rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) Read 


2. 
Buffer 1 (or 2) Write 


3. 
Status Register 
Read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should not be started. 
However, 


during 
this time in which 
a Group 
A mode is in progress, 
modes in Group B can be started. 
Status Register Format 
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This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory 
cannot be 
reprogrammed. 
The only way to reprogram 
the first 
256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled high; therefore, 
connection 
of the WP pin is 
not necessary 
if this pin and feature 
will not be utilized. 


However, 
it is recommended 
that the WP pin be driven high 
externally 
whenever 
possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device incorporates 
an internal 
power-on 
reset circuit, 


so there 
are 
no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled high; therefore, 
connection 
of the RESET 
pin is not 
necessary 
if this pin and feature 
will not be utilized. 
How- 
ever, it is recommended 
that the RESET pin be driven high 
externally 
whenever 
possible. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external pull-up resistor), will be pulled low during program- 
ming operations, 
compare 
operations, 
and during 
page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


When power is first applied to the device, 
or when recover- 
ing from 
a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


Bit? 


RDY/BUSY 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam· 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
·0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


AT45DB161 


Operating Temperature 
I Com. 
O°Cto 70°C 
1 


(Case) 
I Ind. 
·40°C to 85°C 


Vcc Power Supply(') 
2.7V t03.6V 
• 
Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


ISB 
Standby Current 
CS, RESET. WP = V,H,all inputs at 
3 
10 
~A 
CMOS levels 


ICCI 
Active Current, Read Operation 
f = 13 MHz; lOUT= 0 mA; 
4 
10 
mA 
Vcc = 3.6V 


Icc2 


Active Current, Program/Erase 
Vcc = 3.6V 
15 
35 
mA 
Operation 


III 
Input Load Current 
V,N = CMOS levels 
1 
~A 


ILO 
Output Leakage Current 
V,/O= CMOS levels 
1 
~A 


V,L 
Input Low Voltage 
0.6 
V 


V,H 
Input High Vollage 
2.0 
V 


VOL 
Output Low Voltage 
10L= 1.6 mA; Vcc = 2.7V 
0.4 
V 


VOH 
Output High Voltage 
10H= -100 ~A 
Vcc - 0.2V 
V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fscK 
SCK Frequency 
13 
MHz 


tWH 
SCK High Time 
35 
ns 


tWL 
SCK Low Time 
35 
ns 


les 
Minimum CS High Time 
250 
ns 


less 
CS Setup Time 
250 
ns 


leSH 
CS Hold Time 
250 
ns 


leSB 
CS High to RDY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
20 
ns 


tHO 
Output Hold Time 
0 
ns 


toIS 
Output Disable Time 
25 
ns 


tv 
Output Valid 
30 
ns 


tXFA 
Page to Buffer Transfer/Compare Time 
250 
350 
~s 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
15 
ms 


tpE 
Page Erase Time 
6 
10 
ms 


tBE 
Block Erase Time 
7 
15 
ms 


tAST 
RESET Pulse Width 
10 
~s 


tAEC 
RESET Recovery Time 
1 
~s 


AC 
2.4V~0 
AC 
DRIVING< 
. 
MEASUREMENT 
LEVELS 
O.4SV 
0.8 
LEVEL 


J~PF 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing 
that is compatible 
with SPI Mode 3 


SO 
HIGH IMPEDANCE 


tSU 
• 


tV 


HIGHZ 
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Reset Timing {Inactive Clock Polarity Low Shown} 


CS ~~ 
~~ 
_ 


tREC J......-L.+-- 
tCSS 


I 
I 
I 
....JUUl 
IXxxxxXXI 
IlJlSL 
r-tRST- 


RESET 
-----------------~~ 
~* 


MSB~ 
r rXX 
XXXX 
L,JI 


Rese rved fa r 


larger densities 


I 
Page Address 


(PA11-PAO) 


I 
Byte/Buffer 
Address 


(BA9-BAO/BFA9-BFAO) 


x X X X 
X X X X ....- 
LSB 
I 


Notes: 
1. 
or" designates 
bits reserved 
for larger densities. 


2. 
It is recommended 
that "r" be a logical 
"0" for densities 
of 16M bit or smaller. 


3. 
For densities 
larger than 
16M bit. the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


FLASH MEMORY 
ARRAY 


• 


. Completes writing into selected buffer 
. Starts selHimed 
erase/program 
operation 


C8~ 
~r- 


81XXXX 
CMD 
Xrr. PA11'6~A5-a.BFA9'~BFA7·aX 
X 
"+1 >e... ::x LaslByteXXXX 


. Completes writing into selected buffer 
-----"r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


C8~ 


81XXXX 
CMD 


Starts selHimed 
erase/program 
operation 
-----..~ 


Xrr. PA11.6XPA5·a. 
XX X 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
~ 
n = 1st byte written 


n+ 1 = 2nd byte written 
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Read Operations 


The following 
block diagram and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


cs~~ 
~~ 


cs~ 
SIZZZ>( 
CMD 


Starts reading page data into buffer 
-----..~ 


Xrr. 
PAll-aX 
pAS-a,XXX 
X 
~ 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~~ 
~ 


62 
63 
65 
66 


, 
0 
••• ~xxxxxxx 


HIGH-IMPEDANCE 
tV 
~ 
07 
06 
05 
MSB 


Buffer Read 


CS~~ 
~~ • 


Status Register Read 
cs~~ 
~r 


HIGH-IMPEDANCE 
r- 
STATUS REGISTER OUTPUT 
SO--------------------~ 
...~ 
MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


cs~~ 
~ 


62 
63 
65 


o 
, 
0 
••• ~zz;g;gzz;g;g;g 


tV~ 
HIGH-IMPEDANCE 


07 
06 
05 
04 


MSB 


Buffer Read 
cs ~~ 
~ 


38 
39 
40 


o 
, 
0'" ~;gzz;g;g;g;g;g;g 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 


MSB 


Status Register Read 
cs~~ 
r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAll 
X 
X 
PAll 
PAll 
PAll 
PAll 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PAB 
X 
X 
PAB 
PAB 
PAB 
PAB 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PAG 
PAG 
PAG 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PM 
X 
X 
PA4 
PM 
PA4 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA9 
BFA9 
BFA9 
X 
X 
X 
X 
BFA9 
BFA9 


BAB 
BFA8 
BFAB 
X 
X 
X 
X 
BFAB 
BFAB 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BA4 
BFM 
BFM 
X 
X 
X 
X 
BFM 
BFM 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 


X 
X 
X 
r (reserved 
bits) 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (64th bit) 


AlmEL 


• 


AlmEL 


Buffer1to 
Buffer 1 to 
Buffer2to 
Main 
Main 
Main 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Memory 
Memory 
Auto 
Auto 
Page 
Page 
Program 
Buffer 2 to Main 
Page 
Page 
Page 
Page 
Program 
Program 
without 
Memory Page 
Program 
Program 
Rewrite 
Rewrite 
with Built- 
with Bull1- 
Built-In 
Program without 
Page 
Block 
Through 
Through 
Through 
Through 
Status 
In Erase 
In Erase 
Erase 
Built-In Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 
Opcode 
83H 
8SH 
88H 
89H 
81H 
50H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
1 
0 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 


PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PAS 
PAS 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 


PM 
PM 
PM 
PA4 
PA4 
PM 
PM 
PM 
PM 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
X 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
X 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
X 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
X 
X 
BFA9 
BFA9 
X 
X 


X 
X 
X 
X 
X 
X 
BFAS 
BFAS 
X 
X 


X 
X 
X 
X 
X 
X 
BFA7 
BFA7 
X 
X 


X 
X 
X 
X 
X 
X 
BFA6 
BFA6 
X 
X 


X 
X 
X 
X 
X 
X 
BFA5 
BFA5 
X 
X 


X 
X 
X 
X 
X 
X 
BFA4 
BFA4 
X 
X 


X 
X 
X 
X 
X 
X 
BFA3 
BFA3 
X 
X 


X 
X 
X 
X 
X 
X 
BFA2 
BFA2 
X 
X 


X 
X 
X 
X 
X 
X 
BFAl 
BFAl 
X 
X 


X 
X 
X 
X 
X 
X 
BFAO 
BFAO 
X 
X 


X (Don't 
Care) 
r (reserved 
bits) 


START 
provideaddress 
anddata 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,86H) 


Notes: 
1. 
This type of algorithm is used for applications in which an entire sector is programmed sequentially, filling the sector page- 
by-page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire sector. 
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MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H.55H) 


AlmEL 


} 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H.86H) 


Notes: 
1. 
To preserve data integrity. each page of a DataFlash 
sector (256 pages per sector) must be 
updated/rewritten at least once within every 10.000 
cumulative page erase/program operations within 
that sector. 


2. 
A Page Address Pointer must be maintained to indi- 
cate which page is to be rewritten. The Auto Page 
Rewrite command must use the address specified 
by the Page Address Pointer. 


3. 
Other algorithms can be used to rewrite portions of 
the Flash array. Low power applications may choose 
to wait until 10.000 cumulative page erase/program 
operations have accumulated before rewriting all 
256 pages of the sector. See application note AN-4 
("Using Atmel's Serial DataFlash") for more details. 


PA11 
PA10 
PA9 
PAS 
Sector 


0 
0 
0 
0 
0 


0 
0 
0 
1 
1 


0 
0 
1 
0 
2 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 


1 
1 
0 
1 
13 


1 
1 
1 
0 
14 


1 
1 
1 
1 
15 


Icc (mA) 


fSCK (MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


13 
10 
0.01 
AT45DB161-JC 
32J 
Commercial 


AT45DB161-RC 
28R 
(O°C to lO°C) 


AT45DB161-TC 
28T 


AT45DB161-CC 
24C2 


13 
10 
0.01 
AT45DB161-JI 
32J 
Industrial 


AT45DB161-RI 
28R 
HO°C 
to 85°C) 


AT45DB161-TI 
28T 


AT45DB161-CI 
24C2 
• 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28R 
28-Lead, 
0.330" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 


24C2 
24-Ball, 
5 x 5 Array 
Plastic 
Chip-Scale 
Ball Grid Array 
(CBGA) 
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Features 


• Single 2.7V - 3.6V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 8192 Pages (528 ByteS/Page) Main Memory 
• Optional Page and Block Erase Operations 
• Two 528-Byte SRAM Data Buffers - Allows Receiving of Data while Reprogramming 
of 
Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 lis Typical Page to Buffer Transfer Time 
• Low-Power Dissipation 


- 4 mA Active Read Current Typical 
- 3 IIA CMOS Standby Current Typical 
• 13 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible Inputs and Outputs 
• Commercial and Industrial Temperature Ranges 


Description 


The AT45DB321 
is a 2.7-volt 
only, serial interface 
Flash memory 
suitable 
for in-sys- 
tem reprogramming. 
Its 34,603,008 
bits of memory 
are organized 
as 8192 pages of 
528 bytes each. 
In addition 
to the main memory, 
the AT45DB321 
also contains 
two 
SRAM 
data buffers 
of 528 bytes each. 
The buffers 
allow 
receiving 
of data while 
a 
page in the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memo- 
(continued) 


CBGA Top View Through 
Package 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


Sl 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


RDY/BUSY 
Ready/Busy 


A 
0000 
fie 
f\C 
f\C 
NC 
o 
0 
0 
0 
0 


t.es:x<Ul\ol:Cf\C 
c 
00000 
NC 
~FfJ(ta!N~ 
NC 
o 
ooooc 
fie 
00 
51 RESETI'C 
o 
0 
0 
0 
0 


NC 
t«: 
f\C f\C I'C 


TSOP Top View 
Type 1 


RDY!BUSY 


RESET 
WP 


NC 


NC 


NC 


VCC 


ONO 


NC 


NC 


NC 


NC 
cs 
5CK 
5' 
so 
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32-Megabit 
2.7-volt Only 
Serial 
DataFlash@ 


AT45DB321 
Preliminary • 


ries that are accessed 
randomly 
with multiple address lines 
and a parallel 
interface, 
the DataFlash 
uses a serial inter- 
face to sequentially 
access its data. The simple serial inter- 
face 
facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and reduces package 
size and active pin count. The device is optimized 
for use in 
many commercial 
and industrial 
applications 
where 
high 
density, 
low pin count, 
low voltage, 
and low power 
are 
essential. 
Typical 
applications 
for the DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data 
storage. 
The 
device 
operates 
at clock frequencies 
up to 13 MHz with a 
typical active read current consumption 
of 4 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45DB321 
does not require 
high input voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power 
sup- 
ply, 
2.7V 
to 
3.6V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45DB321 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial Input (Sl), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


SCK 
----.. 


CS 
----.. 


RESET 
----.. 


VCC 
----.. 


GNO 
----.. 


ROY/BUSY 
~ 


Memory Array 


To provide 
optimal 
flexibility, 
the 
memory 
array 
of the 
AT45DB321 
is divided 
into three levels of granularity 
com- 
prising 
of sectors, 
blocks, 
and pages. 
The Memory 
Archi- 
tecture Diagram 
illustrates 
the breakdown 
of each level and 


details 
the number 
of pages per sector 
and block. All pro- 
gram operations 
to the DataFlash 
occur on a page by page 
basis; however, 
the optional 
erase operations 
can be per- 
formed at the block or page level. 


Memory Architecture 
Diagram 


SECTOR ARCHITECTURE 


BLOCK 
0 


BLOCK , 


BLOCK 
2 


BLOCK 
62 


BLOCK " 
BLOCK 
54 


BLOCK 
os 


BLOCK 
'26 


BLOCK 
127 


BLOCK 
121 
-- 


BLOCK 
'29 


BLOCK 
'022 


BLOCK 
1023 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 
instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
8-bit opcode 
and the desired 
buffer 
or main 
memory address 
location. 
While the CS pin is low, toggling 
the SCK pin controls 
the loading 
of the opcode 
and the 
desired 
buffer 
or main memory 
address 
location 
through 
the SI (serial 
input) 
pin. All instructions, 
addresses, 
and 
data are transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either 
one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory read allows 
the user to read data 
directly 
from 
anyone 
of the 8192 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45DB321, 
the 
first address 
bit is reserved 
for larger density 
devices 
(see 
Notes on page 10), the next 13 address 
bits (PA12-PAO) 
specify 
the page 
address, 
and the next 
10 address 
bits 
(BA9-BAO) 
specify 
the starting 
byte 
address 
within 
the 
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PAGE · 
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7 
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PAGE ,. 


PAGE ,. 


PAGE ,. 


PAGE 
17 


PAGE ,. 


PAGE .,a, 


PAGE "00 
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page. The 32 don't care bits which follow 
the 24 address 
bits are sent to initialize 
the read operation. 
Following 
the 
32 don't care bits, additional 
pulses on SCK result in serial 
data being output on the SO (serial output) pin. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, and the reading 
of data. When 
the end of a 
page in main 
memory 
is reached 
during 
a main memory 
page read, the device will continue 
reading at the beginning 
of the same page. A low to high transition 
on the CS pin will 
terminate 
the read operation 
and tri-state the SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must be followed 
by 14 don't care bits, 10 address 
bits, and eight don't care bits. Since the buffer size is 528- 
bytes, 10 address 
bits (BFA9-BFAO) 
are required to specify 
the first byte of data to be read from the buffer. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, the don't 
care bits, and the reading 
of data. 
When the end of a buffer 
is reached, 
the device 
will con- 
tinue reading 
back at the beginning 
of the buffer. A low to 
high transition 
on the CS pin will terminate 
the read opera- 
tion and tri-state 
the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H 
for 
buffer 
2, is followed 
by one 
reserved 
bit, 
13 
address 
bits (PA 12-PAO) which 
specify 
the page in main 
memory 
that is to be transferred, 
and 10 don't 
care bits. 


The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the SI pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
one reserved 
bit, 13 address 
bits (PA12-PAO) 
which spec- 
ify the page in the main memory 
that is to be compared 
to 
the 
buffer, 
and 
10 don't 
care 
bits. 
The 
loading 
of the 
opcode and the address 
bits is the same as described 
pre- 
viously. The CS pin must be low while toggling the SCK pin 
to load the opcode, the address 
bits, and the don't care bits 
from the SI pin. On the low to high transition 
of the CS pin, 
the 528 bytes 
in the selected 
main memory 
page will be 
compared 
with the 528 bytes in buffer 1 or buffer 2. During 
this time (tXFR)' 
the status register will indicate that the part 
is busy. On completion 
of the compare 
operation, 
bit 6 of 
the status 
register 
is updated 
with the result 
of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the SI pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 14 don't care bits and 10 address bits (BFA9- 
BFAO). The 
10 address 
bits specify 
the first 
byte in the 
buffer 
to be written. 
The 
data 
is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into the 
main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
one reserved 
bit, 13 address 
bits (PA12-PAO) 
that specify 
the page in the main memory 
to be written, 
and 10 addi- 
tional don't care bits. When a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in 
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main memory to all 1s and then program 
the data stored in 
the buffer into the specified 
page in the main memory. 
Both 
the erase and the programming 
of the page are internally 
self timed and should take place in a maximum 
time of tEP' 
During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 
2, is followed 
by one 
reserved 
bit, 13 
address 
bits (PA12-PAO) 
that specify the page in the main 
memory 
to be written, 
and 
10 additional 
don't 
care 
bits. 


When a low to high transition 
occurs on the CS pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously 
erased. 
The programming 
of the page is internally 
self timed and should take place in a maximum 
time of tp• 


During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


PAGE ERASE: 
The optional 
Page Erase command 
can be 
used to individually 
erase 
any page in the main memory 
array allowing 
the Buffer to Main Memory 
Page Program 
without 
Built-In 
Erase 
command 
to be utilized 
at a later 
time. To perform 
a Page Erase, an opcode 
of 81 H must be 
loaded 
into the device, 
followed 
by one reserved 
bit, 13 
address 
bits (PA12-PAO), 
and 10 don't 
care bits. The 13 
address 
bits are used to specify which page of the memory 
array is to be erased. 
When a low to high transition 
occurs 
on the CS pin, the part will erase the selected 
page to 1s. 
The erase operation 
is internally 
self-timed 
and should take 
place in a maximum 
time of tpE. During this time, the etatus 
register will indicate that the part is busy. 


BLOCK 
ERASE: 
A block of eight pages can be erased 
at 
one time allowing 
the Buffer 
to Main Memory 
Page 
Pro- 
gram 
without 
Built-In 
Erase 
command 
to be utilized 
to 
reduce 
programming 
times when writing 
large amounts 
of 
data to the device. To perform a Block Erase, an opcode of 
50H 
must 
be loaded 
into 
the 
device, 
followed 
by one 
reserved 
bit, 10 address 
bits (PA 12-PA3), 
and 
13 don't 
care bits. The 10 address 
bits are used to specify 
which 
block of eight pages 
is to be erased. 
When 
a low to high 
transition 
occurs 
on the CS pin, the part 
will 
erase 
the 
selected 
block of eight pages to 1s. The erase operation 
is 
internally 
self-timed 
and should 
take place in a maximum 
time of tBE• During this time, the status register will indicate 
that the part is busy. 
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MAIN 
MEMORY 
PAGE 
PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by one reserved 
bit and 23 address 
bits. The 13 most sig- 
nificant 
address 
bits (PA 12-PAO) 
select 
the page 
in the 
main memory 
where 
data is to be written, 
and the next 10 
address 
bits (BFA9-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the Sl pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back to the beginning 
o-!J..he buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should 
take 
place in a maximum 
of time tEp. During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory 
to 
buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back 
into its original 
page of 
main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 
2, is followed 
by one reserved 
bit, 13 address 
bits 
(PA12-PAO) 
that specify 
the page in main memory 
to be 
rewritten, 
and 10 additional 
don't care bits. When a low to 
high transition 
occurs on the CS pin, the part will first trans- 
fer data from the page in main memory to a buffer and then 
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program 
the data from the buffer 
back into same 
page of 
main memory. 
The operation 
is internally 
self-timed 
and 
should 
take 
place 
in a maximum 
time of tEP' 
During 
this 
time, the status register will indicate that the part is busy. 


If a sector 
is programmed 
or reprogrammed 
sequentially 
page by page, then the programming 
algorithm 
shown 
in 
Figure 1 is recommended. 
Otherwise, 
if multiple 
bytes in a 
page or several 
pages are programmed 
randomly 
in a sec- 
tor, then the programming 
algorithm 
shown 
in Figure 
2 is 
recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After 
bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains 
low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from 0 to 1. There are eight operations 
which 
can 


• 


cause the device to be in a busy state: Main Memory 
Page 


to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 


Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, Page Erase, Block Erase, Main Memory 
Page Pro- 


gram, and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 


register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 


least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 


status register. 
For the AT45DB321, 
the three bits are 1, 1, 
and o. The decimal 
value of these 
three 
binary 
bits does 


not equate to the device density; 
the three bits represent 
a 


combinational 
code relating 
to differing 
densities 
of Serial 


DataFlash 
devices, allowing a total of eight different density 


configurations. 


Read/Program Mode Summary 
The modes listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 


(Group A) and modes 
which do not make use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main Memory 
Page Read 


2. 
Main Memory 
Page to Buffer 1 (or 2) Transfer 


3. 
Main Memory 
Page to Buffer 1 (or 2) Compare 


4. 
Buffer 1 (or 2) to Main Memory 
Page Program With 
Built-In Erase 


5. 
Buffer 1 (or 2) to Main Memory 
Page Program With- 


out Built-In Erase 


6. 
Page Erase 


7. 
Block Erase 


8. 
Main Memory 
Page Program 


9. 
Auto Page Rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) Read 


2. 
Buffer 1 (or 2) Write 


3. 
Status Register 
Read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should not be started. 
However, 


during 
this time in which 
a Group 
A mode 
is in progress, 


modes in Group B can be started. 
Status Register Format 
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This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being 
programmed 
into main memory 
from buffer 
1, data 
can be loaded 
into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 
256 
pages is to first drive the protect 
pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 


internally 
pulled high; therefore, 
connection 
of the WP pin is 
not necessary 
if this pin and feature 
will not be utilized. 


However, 
it is recommended 
that the WP pin be driven high 
externally 
whenever 
possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
incorporates 
an internal 
power-on 
reset circuit, 


so there 
are no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled high; therefore, 
connection 
of the RESET 
pin is not 


necessary 
if this pin and feature 
will not be utilized. 
How- 


ever, it is recommended 
that the RESET pin be driven high 
externally 
whenever 
possible. 


READY/BUSY: 
This open drain 
output 
pin will be driven 


low when the device is busy in an internally 
self-timed 
oper- 


ation. This pin, which is normally 
in a high state (through 
an 
external 
pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during 
page-to- 


buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


When power is first applied to the device, or when recover- 
ing from 
a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 


pling the inactive clock state. 


Bit7 


RDY/BUSY 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


AT45DB321 


Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supplyl') 
2.7Vto 3.6V 
• 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value. the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


19B 
Standby Current 
CS, RESET, WP ; V1H,all inputs at 
3 
10 
~A 
CMOS levels 


ICCI 
Active Current, Read Operation 
I; 
13 MHz; lOUT; 0 mA; 
4 
10 
mA 
Vcc; 
3.6V 


ICC2 


Active Current, Program/Erase 
Vcc; 
3.6V 
15 
35 
mA 
Operation 


III 
Input Load Current 
V1N; CMOS levels 
1 
~A 


ILO 
Output Leakage Current 
VI/O; CMOS levels 
1 
~A 


VIL 
Input Low Voltage 
0.6 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
10L; 1.6 mA; Vcc; 
2.7V 
0.4 
V 


VOH 
Output High Voltage 
10H; -100 ~A 
Vcc - 0.2V 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


ISCK 
SCK Frequency 
13 
MHz 


tWH 
SCK High Time 
35 
ns 


tWL 
SCK Low Time 
35 
ns 


les 
Minimum CS High Time 
250 
ns 


tcss 
CS Setup Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


tese 
CS High to RDY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
20 
ns 


tHO 
Output Hold Time 
0 
ns 


tClS 
Output Disable Time 
25 
ns 


tv 
Output Valid 
30 
ns 


tXFR 
Page to Buffer Transfer/Compare Time 
250 
350 
~s 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
15 
ms 


tpE 
Page Erase Time 
6 
10 
ms 


tBE 
Block Erase Time 
7 
15 
ms 


tRST 
RESET Pulse Width 
10 
~s 


tREC 
RESET Recovery Time 
1 
~s 


AC 
2.4V~0 
AC 
DRIVING< 
. 
MEASUREMENT 
LEVELS 
0.45V 
O.B 
LEVEL 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows timing that is compatible 
with SPI Mode 3 


• 


tV 
HIGHZ 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~ 
~ 


tREC 
less 


SCK 
••• ~ 
;_:_: 
rliliL 


RESET --------------------C _ 


MSB-'r 
XXX 
yl 


Reserved for 
larger densities 


I 
Page Address 
(PA12-PAO) 


I 
Byte/Buffer Address 
(BA9-BAO/BFA9-BFAO) 


x X X X 
X X X X .-- 
LSB 


I 


Notes: 
1. 
"r" designates bits reserved for larger densities. 


2. 
It is recommended that "r" be a logical "0" for densities of 32M bit or smaller. 


3. 
For densities larger than 32M bit, the or" bits become the most significant Page Address bit for the appropriate density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


FLASH MEMORY ARRAY 


cs~ 
51XXXX 
CMD X r,PA12-6 )<tA5-0, 
BFA9-~ 
BFA7-0 X 
• 
. Completes writing into selected buffer 
. Starts self-timed erase/program 
operation 
~~ 
X 
"+1 
>C•••=>< 
Last Byte XXXX 


. Completes writing into selected buffer 
-----"r-- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


C5~ 
51XXXX 
CMD 


Starts self-timed erase/program 
operation 
-----"r- 


Xr, PA12-6 X PA5-0, XX X 
X 
XXXX 


Each transition represents ~ 
8 bits and 8 clock cycles A--A 
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n = 15t by1ewritten 
n+1 = 2nd by1ewritten 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate the various 
read sequences 
available. 


Main Memory Page Read 
cs~~ 
~~ 


cs~ 
srZZZ>< 
CMD 


Starts 
reading 
page 
data 
into buffer 
------"r- 


Each transition represents ~ 
8 bits and 8 clock cycles ~ 
n = 1st byte read 
n+1 = 2nd byte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


cs~~ 
~r_ 


66 


, 
0 
••• ~;gz;gzzzz 


HIGH-IMPEDANCE 
tV I DATA OUT 
SO--------------------------~ 
MSB 


Buffer Read 
cs~~ 
~r_ • 


Status Register Read 
cs~ 
r 


HIGH-IMPEDANCE 
I 
STATUS REGISTER OUTPUT 
SO--------------------~ 
...~ 


MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 
cs ~'- 
---Jr- 


• • • 
63 
65 


, 
, 
, ...~xzxzxxxxx 


tV 
~ATAOUT 
HIGH-IMPEDANCE 
07 
06 
05 
04 


MSB 


Buffer Read 
cs ~,- 
---,r- 


, 
, 
, ...~xxxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 


MSB 


Status Register Read 
cs~~ 
--/r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 


Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Ope ode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PA12 
X 
X 
PA12 
PA12 
PA12 
PA12 
X 
X 


PAll 
X 
X 
PAll 
PAll 
PAll 
PAll 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 
PA4 
X 
X 
PA4 
PM 
PA4 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 
PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA9 
BFA9 
BFA9 
X 
X 
X 
X 
BFA9 
BFA9 
BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 
BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 
BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 
BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 
BA4 
BFM 
BFM 
X 
X 
X 
X 
BFA4 
BFM 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 
BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 
BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 
BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 


X 
X 
X 
r (reserved 
bits) 


X 
X 
X 


X 
X 
X 
··· 
X (64th bit) 
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Buffer1to 
Buffer 2 to 


Buffer 1 to 
Buffer2to 
Main 
Main 


Main 
Main 
Memory 
Memory 
Main 
Main 


Memory 
Memory 
Page 
Page 
Memory 
Memory 
Auto 
Auto 
Page 
Page 
Program 
Program 
Page 
Page 
Page 
Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built 
with Bullt- 
Built-In 
Built-In 
Page 
Block 
Through 
Through 
Through 
Through 
Status 
In Erase 
In Erase 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
81H 
50H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
1 
0 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 


PA12 
PA12 
PA12 
PA12 
PA12 
PA12 
PA12 
PA12 
PA12 
PA12 


PA11 
PA11 
PA11 
PA11 
PA11 
PA11 
PA11 
PA11 
PA11 
PA11 


PA10 
PA10 
PA10 
PA10 
PA10 
PA10 
PA10 
PA10 
PA10 
PA10 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


PA7 
PA7 
PA7 
PA7 
PAl 
PAl 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PM 
PA4 
PM 
PM 
PA4 
PA4 
PA4 
PM 
PA4 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
X 
PA2 
PA2 
PA2 
PA2 


PA1 
PA1 
PA1 
PA1 
PA1 
X 
PA1 
PA1 
PA1 
PA1 


PAO 
PAO 
PAO 
PAO 
PAO 
X 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
X 
X 
BFA9 
BFA9 
X 
X 


X 
X 
X 
X 
X 
X 
BFA8 
BFA8 
X 
X 


X 
X 
X 
X 
X 
X 
BFA7 
BFA7 
X 
X 


X 
X 
X 
X 
X 
X 
BFA6 
BFA6 
X 
X 


X 
X 
X 
X 
X 
X 
BFAS 
BFAS 
X 
X 


X 
X 
X 
X 
X 
X 
BFM 
BFA4 
X 
X 


X 
X 
X 
X 
X 
X 
BFA3 
BFA3 
X 
X 


X 
X 
X 
X 
X 
X 
BFA2 
BFA2 
X 
X 


X 
X 
X 
X 
X 
X 
BFA1 
BFA1 
X 
X 


X 
X 
X 
X 
X 
X 
BFAO 
BFAO 
X 
X 


X (Don't 
Care) 
r (reserved 
bits) 


START 
provide address 


and data 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,86H) 


Notes: 
1. 
This type of algorithm 
is used for applications 
in which 
an entire 
sector 
is programmed 
sequentially, 
filling 
the sector 
page- 
by-page. 


2. 
A page can be written 
using either a Main Memory 
Page Program 
operation 
or a Buffer Write operation 
followed 
by a Buffer 
to Main Memory 
Page Program 
operation. 


3. 
The algorithm 
above shows 
the programming 
of a single 
page. The algorithm 
will be repeated 
sequentially 
for each page 
within 
the entire 
sector. 
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II 
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} 


It planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


MAIN 
MEMORY 
PAGE 


to BUFFER 
TRANSFER 


(53H,55H) 


BUFFER 
to MAIN 


MEMORY 
PAGE 
PROGRAM 


(83H,86H) 


Notes: 
1, 
To preserve 
data integrity, 
each page of a DataFlash 
sector 
must be updated/rewritten 
at least once within 
every 
10,000 


cumulative 
page erase/program 
operations 
within 
that sector. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten, 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3, 
Other 
algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power 
applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the sector. 
See application 
note 


AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


Sector Addressing 


PA12 
PA11 
PA10 
PA9 
PAS 
PAl 
PA6 
PA5 
PA4 
PA3 
Sector 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
X 
X 
X 
X 
X 
X 
1 


0 
0 
0 
1 
X 
X 
X 
X 
X 
X 
2 


0 
0 
1 
0 
X 
X 
X 
X 
X 
X 
3 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
. 
· 
· 
· 
. 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1 
1 
0 
0 
X 
X 
X 
X 
X 
X 
13 


1 
1 
0 
1 
X 
X 
X 
X 
X 
X 
14 


1 
1 
1 
0 
X 
X 
X 
X 
X 
X 
15 


1 
1 
1 
1 
X 
X 
X 
X 
X 
X 
16 


Icc (mA) 


fSCK 
(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


13 
10 
0.01 
AT45DB321-TC 
32T 
Commercial 


AT45DB321-CC 
24C3 
(O°C to 70°C) 


13 
10 
0.01 
AT45DB321-TI 
32T 
Industrial 


AT45DB321-CI 
24C3 
(-40°C 
to 85°C) 


Package 
Type 


32T 
I 32-Lead, 
Plastic 
Thin Small Outline 
Package 
(TSOP) 


24C3 
I 24-Ball, 
5 x 5 Array 
Plastic 
Chip-Scale 
Ball Grid Array 
(CBGA) 
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Features 


• Single 4.5V - 5.5V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 512 Pages (264 Bytes/Page) Main Memory 
• Optional Page and Block Erase Operations 
• One 264-Byte SRAM Data Buffer 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 ~s Typical Page to Buffer Transfer Time 
• Low-Power Dissipation 
- 15 mA Active Read Current Typical 
- 10 ~A CMOS Standby Current Typical 
• 15 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 
• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT45D011 
is a 5.0-volt 
only, serial interface 
Flash memory 
suitable for in-system 
reprogramming. 
Its 1,081,344 
bits of memory 
are organized 
as 512 pages 
of 264 
bytes each. In addition 
to the main memory, 
the AT45D011 
also contains 
one SRAM 
data buffer of 264 bytes. Unlike conventional 
Flash memories 
that are accessed 
ran- 
domly with multiple 
address 
lines and a parallel interface, 
the DataFlash 
uses a serial 
interface 
to sequentially 
access 
its data. The simple 
serial interface 
facilitates 
hard- 
(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


SlOB 
SO 
SCK 
2 
7 
GND 
RES~ 
3 
6 
vcc 


CS 
4 
5 
WP 
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1-Megabit 
5.0-volt Only 
Serial 
DataFlash® 


AT45D011 
Preliminary • 


PLCC 
TSSOP Top View 


co 
Type 1 


1(1) 
() 
() 
z () 0 0 
UZZC);>ZZ 


5"'" 
M N 
(; 
~ 
c:; 
1iil29 
RDY/BUSY ~o 
14 
CS 


SCK 
ViP 
RESET 
13 
NC 
51 
6 
28 
R""ESEf 
WP 
50 
7 
27 
RDY/SUS'Y 
3 
12 
NC 


NC 
8 
26 
NC 
VCC 
4 
11 
NC 
NC 
9 
2. 
NC 
GND 
5 
10 
NC 
NC 
10 
2' 
NC 
NC " 
23 
NC 
SCK 
6 
9 
NC 
NC 
12 
22 
NC 
SO 
7 
8 
SI 
NC 
13:!: ~ 
~ ~ 
~ e ~21 
NC 


0000000 
ZZODZZZ 
Rev.1123A-Q8I98 
Note: PLCC package pins 16 
and 17 are DON'T CONNECT 
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ware layout, increases 
system 
reliability, 
minimizes 
switch- 
ing noise, and reduces 
package 
size and active pin count. 


The device 
is optimized 
for use in many commercial 
and 
industrial 
applications 
where 
high density, 
low pin count, 
low voltage, 
and low power are essential. 
Typical 
applica- 
tions 
for the DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and data storage. 
The device 
operates 
at clock 
frequencies 
up to 15 MHz with a typical active read current 
consumption 
of 15 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45D011 
does 
not require 
high input 
voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power 
sup- 
ply, 
4.5V 
to 
5.5V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45D011 
is enabled 
through 
the chip 
select 
pin (CS) 
and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and 
no separate 
erase cycle is required before programming. 


SCK --.. 


CS --.. 


RESET --.. 


VCC --.. 
GND --.. 


RDYII:lCJS'( ~ 
SI 
SO 


Memory Array 


To provide 
optimal 
flexibility, 
the memory 
array 
of the 
AT45D011 
is divided 
into three 
levels of granularity 
com- 
prising 
of sectors, 
blocks, 
and pages. 
The Memory 
Archi- 
tecture Diagram illustrates 
the breakdown 
of each level and 


details 
the number 
of pages per sector 
and block. All pro- 
gram operations 
to the DataFlash 
occur on a page by page 
basis; however, 
the optional 
erase operations 
can be per- 
formed at the block or page level. 


Memory Architecture 
Diagram 


SECTOR 
ARCHITECTURE 


PAGE 0 
- 
PAGE 1 
- 


- 
- 
- 
- 


PAGE 6 
-- - -- 
- 
- 
PAGE 7 


PAGE 8 
- 


PAGE 9 
-- 
- 
. 


- 
- 
PAGE 14 
· 
PAGE 15 


PAGE 16 
·- 
PAGE 17 
- 
- 
. 


PAGE 18 
· 
- 


- 
- 
- 


PAGE 509 
- - 
. 


PAGE 510 
- - 
- 
PAGE 511 • 


BLOCK 0 
I 


BLOCK I. 


BLOCK 2 


BLOCK 3 
. 
- 


. 
. 


BLOCK 29 


BLOCK 30 


BLOCK 31 


- 
BLOCK 32 - 
- 


BLOCK 33 
- 
. 
BLOCK 3• 
. 


- 


BLOCK 61 
.- 
- 


BLOCK 62 
- 
- 


BLOCK 63 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 
instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
8-bit opcode 
and the desired 
buffer 
or main 
memory address 
location. 
While the CS pin is low, toggling 
the SCK pin controls 
the loading 
of the opcode 
and the 
desired 
buffer 
or main memory 
address 
location 
through 
the Sl (serial 
input) 
pin. All instructions, 
addresses, 
and 
data are transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from the data buffer. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user 
to read 
data 
directly 
from 
anyone 
of the 512 
pages in the main memory, 
bypassing 
the data buffer and 
leaving 
the contents 
of the buffer 
unchanged. 
To start a 
page 
read, 
the 
8·bit 
opcode, 
52H, 
is followed 
by 24 
address 
bits and 32 don't care bits. In the AT 450011, 
the 
first six address 
bits are reserved 
for larger density devices 
(see Notes on page 10), the next nine address 
bits (PA8- 
PAO) specify the page address, 
and the next nine address 
bits (BA8-BAO) specify the starting 
byte address 
within the 
page. The 32 don't 
care bits which 
follow 
the 24 address 
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bits are sent to initialize 
the read operation. 
Following 
the 
32 don't care bits, additional 
pulses on SCK result in serial 
data being output on the SO (serial output) pin. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, and the reading 
of data. When 
the end of a 
page in main 
memory 
is reached 
during 
a main memory 
page read, the device will continue 
reading at the beginning 
of the same page. A low to high transition 
on the CS pin will 
terminate 
the read operation 
and tri-state the SO pin. 


BUFFER 
READ: 
Data can be read from 
the data buffer 
using an opcode of 54H. To perform a buffer read, the eight 
bits of the opcode 
must be followed 
by 15 don't care bits, 
nine address 
bits, and eight don't care bits. Since the buffer 
size 
is 264·bytes, 
nine 
address 
bits 
(BFA8-BFAO) 
are 
required to specify the first byte of data to be read from the 
buffer. 
The CS pin must remain 
low during 
the loading 
of 
the opcode, 
the address 
bits, the don't 
care bits, and the 
reading of data. When the end of the buffer is reached, 
the 
device 
will continue 
reading 
back at the beginning 
of the 
buffer. A low to high transition 
on the CS pin will terminate 
the read operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to buffer. 


An 8·bit opcode 
of 53H is followed 
by the six reserved 
bits, 
nine address 
bits 
(PA8-PAO) 
which 
specify 
the page 
in 


main memory 
that is to be transferred, 
and nine don't care 
bits. The CS pin must be low while toggling 
the SCK pin to 
load the opcode, 
the address 
bits, and the don't care bits 
from the SI pin. The transfer 
of the page of data from the 
main memory to the buffer will begin when the CS pin tran- 
sitions 
from a low to a high state. 
During 
the transfer 
of a 
page of data (tXFR)' 
the status register can be read to deter- 
mine whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory can be compared 
to the data in the 
buffer. 
An 8-bit opcode 
of 60H is followed 
by 24 address 
bits consisting 
of the six reserved 
bits, nine address 
bits 
(PA8-PAO) which specify the page in the main memory that 
is to be compared 
to the buffer, 
and nine don't 
care bits. 
The loading of the opcode and the address 
bits is the same 
as described 
previously. 
The CS pin must be low while tog- 
gling the SCK pin to load the opcode, 
the address 
bits, and 
the don't care bits from the SI pin. On the low to high transi- 
tion of the CS pin, the 264 bytes in the selected 
main mem- 
ory page will be compared 
with the 264 bytes in the buffer. 
During this time (tXFR)' 
the status register 
will indicate 
that 
the part is busy. On completion 
of the compare 
operation, 
bit 6 of the status register 
is updated 
with the result of the 
compare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the SI pin 
into the data buffer. 
To load data into the buffer, 
an 8-bit 
opcode 
of 84H is followed 
by 15 don't 
care bits and nine 
address 
bits (BFA8-BFAO). 
The nine address 
bits specify 
the first byte in the buffer to be written. The data is entered 
following 
the address 
bits. If the end of the data buffer 
is 
reached, 
the device will wrap around back to the beginning 
of the buffer. Data will continue 
to be loaded into the buffer 
until a low to high transition 
is detected 
on the CS pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written 
into the buffer can be pro- 
grammed 
into the main memory. 
An 8-bit opcode 
of 83H is 
followed 
by the six reserved 
bits, nine address 
bits (PA8- 
PAO) that specify the page in the main memory 
to be writ- 
ten, and nine additional 
don't care bits. When a low to high 
transition 
occurs on the CS pin, the part will first erase the 
selected 
page in main memory 
to all 1s and then program 
the data stored 
in the buffer 
into the specified 
page in the 
main memory. 
Both the erase and the programming 
of the 


page are internally 
self timed 
and should 
take 
place in a 
maximum 
time of tEp. During this time, the status 
register 
will indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main memory 
can be programmed 
with the contents 
of the 
buffer. 
An 8-bit 
opcode 
of 88H 
is followed 
by the 
six 
reserved 
bits, nine address 
bits (PA8-PAO) that specify the 
page in the main memory 
to be written, 
and nine additional 
don't care bits. When a low to high transition 
occurs on the 
CS pin, the part will program 
the data stored 
in the buffer 
into the specified 
page in the main memory. 
It is necessary 
that the page in main memory 
that is being 
programmed 
has been previously 
erased. The programming 
of the page 
is internally 
self timed and should take place in a maximum 
time of tp. During this tirne, the status register 
will indicate 
that the part is busy. 


PAGE ERASE: 
The optional 
Page Erase command 
can be 
used to individually 
erase 
any page in the main memory 
array allowing 
the Buffer 
to Main Memory 
Page Program 
without 
Built-In 
Erase 
command 
to be utilized 
at a later 
time. To perform 
a Page Erase, an opcode 
of 81 H must be 
loaded 
into the device, 
followed 
by six reserved 
bits, nine 
address 
bits (PA8-PAO), 
and nine don't care bits. The nine 
address 
bits are used to specify which page of the memory 
array is to be erased. 
When a low to high transition 
occurs 
on the CS pin, the part will erase the selected 
page to 1s. 


The erase operation 
is internally 
self-timed 
and should take 
place in a maximum 
time of tpE. During this time, the status 
register will indicate that the part is busy. 


BLOCK 
ERASE: 
A block of eight pages can be erased 
at 
one time allowing 
the Buffer 
to Main Memory 
Page 
Pro- 
gram 
without 
Built-In 
Erase 
command 
to be utilized 
to 
reduce 
programming 
times when writing 
large amounts 
of 
data to the device. To perform a Block Erase, an opcode of 
50H 
must 
be loaded 
into 
the 
device, 
followed 
by six 
reserved 
bits, 
six address 
bits (PA8-PA3), 
and 12 don't 
care bits. The six address 
bits are used to specify 
which 
block of eight 
pages 
is to be erased. 
When 
a low to high 
transition 
occurs 
on the CS pin, the part will 
erase 
the 
selected 
block of eight pages to 1s. The erase operation 
is 
internally 
self-timed 
and should 
take place in a maximum 
time of tBE. During this time, the status register will indicate 
that the part is busy. 
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PA7 
PA6 
PAS 
PA4 
PA3 
PA2 
PA1 
PAO 
Block 
PAS 


0 
0 
0 
0 
0 
X 
X 
X 
0 
0 


0 
0 
0 
1 
X 
X 
X 
1 
0 
0 


0 
0 
0 
1 
0 
X 
X 
X 
2 
0 


0 
0 
1 
1 
X 
X 
X 
3 
0 
0 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1 
1 
1 
0 
0 
X 
X 
X 
60 
1 


1 
1 
1 
0 
1 
X 
X 
X 
61 
1 


1 
1 
1 
1 
0 
X 
X 
X 
62 
1 


1 
1 
1 
1 
1 
X 
X 
X 
63 
1 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into the buffer from the SI pin and then programmed 
into a specified 
page in the main memory. 
An 8-bit opcode 
of 82H is followed 
by the six reserved 
bits and 18 address 
bits. 
The nine 
most 
significant 
address 
bits 
(PA8-PAO) 
select 
the page in the main 
memory 
where 
data is to be 
written 
and the next nine address 
bits (BFA8-BFAO) 
select 
the first by1e in the buffer to be written. After all address 
bits 
are shifted 
in, the part will take data from the SI pin and 
store it in the data buffer. If the end of the buffer is reached, 
the device 
will wrap around 
back to the beginning~ 
the 
buffer. When there is a low to high transition 
on the CS pin, 
the part will first erase the selected 
page in main memory to 
all 1s and then program 
the data stored 
in the buffer 
into 
the specified 
page in the main memory. 
Both the erase and 
the programming 
of the page are internally 
self timed and 
should 
take place 
in a maximum 
of time tEp• During 
this 
time, the status register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. 
This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory to 
the data buffer, and then the same data (from the buffer) is 
programmed 
back into its original 
page of main memory. 


An 8-bit opcode of 58H is followed 
by the six reserved 
bits, 
nine address 
bits (PA8-PAO) 
that specify the page in main 
memory to be rewritten, 
and nine additional 
don't care bits. 
When a low to high transition 
occurs on the CS pin, the part 
will first transfer 
data from the page in main memory 
to the 
buffer and then program 
the data from the buffer back into 
same 
page of main 
memory. 
The operation 
is internally 
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• 
self-timed 
and should take place in a maximum 
time of tEP. 
During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


If a sector 
is programmed 
or reprogrammed 
sequentially 
page by page, then the programming 
algorithm 
shown 
in 
Figure 1 is recommended. 
Otherwise, 
if multiple 
bytes in a 
page or several pages are programmed 
randomly 
in a sec- 
tor, then the programming 
algorithm 
shown 
in Figure 
2 is 
recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After 
bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains 
low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device 
is no longer busy, the state of SO will 
change 
from 0 to 1. There 
are eight operations 
which 
can 
cause the device to be in a bUsy state: Main Memory 
Page 


to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, Page Erase, Block Erase, Main Memory 
Page Pro- 
gram, and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 


register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 


least one bit of the data in the main memory page does not 
match the data in the buffer. 


The device density is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45D011, 
the three bits are 0, 0, 


and 1. The decimal 
value of these 
three 
binary 
bits does 


not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, allowing a total of eight different density 
configurations. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 


held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 
256 


pages is to first drive the protect 
pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 


internally 
pulled 
high; therefore, 
in low pin count 
applica- 


tions, connection 
of the WP pin is not necessary 
if this pin 
and feature 
will 
not be utilized. 
However, 
it is recom- 
mended 
that the WP pin be driven 
high externally 
when- 
ever possible. 


RESET: A low state on the reset pin (RESET) will terminate 
the operation 
in progress 
and 
reset 
the 
internal 
state 
Status Register Format 
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machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device incorporates 
an internal 
power-on 
reset circuit, 


so there 
are 
no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled 
high; therefore, 
in low pin count 
applications, 
con- 
nection 
of the RESET 
pin is not necessary 
if this pin and 
feature 
will not be utilized. 
However, 
it is recommended 
that the RESET 
pin be driven 
high externally 
whenever 
possible. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
the buffer cannot be accessed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover- 
ing from a reset 
condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


Bit7 


RDY/BUSY 


Absolute 
Maximum 
Ratings* 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-O.6Vto +6.25V 


All Output Voltages 
with Respect to Ground 
-O.6Vto Vcc + O.6V 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


AT45D011 


Operating 
Temperature 
I Com. 
O°C to lO°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(1) 
4.5V to 5.5V 


Note: 
1. 
After 
power 
is applied 
and Vcc is at the minimum 
specified 
data sheet value, 
the system 
should 
wait 20 ms before 
an oper- 
ational 
mode 
is started. 


Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


IS8 
Standby 
Current 
CS, RESET, 
WP = V1H, 
10 
20 
~A 
all inputs at CMOS 
levels 


ICC1 
Active 
Current, 
f = 15 MHz; 
lOUT= 0 mA; 
15 
25 
mA 
Read Operation 
Vcc = 5.5V 


Icc2 
Active 
Current, 
Vcc= 
5.5V 
25 
50 
mA 
Program/Erase 
Operation 


III 
Input Load 
Current 
V1N= CMOS 
levels 
10 
~A 


ILO 
Output 
Leakage 
Current 
Vvo = CMOS 
levels 
10 
~A 


V1L 
Input Low Voltage 
0.8 
V 


V1H 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH1 
Output 
High Voltage 
IOH= -400 ~A 
2.4 
V 


VOH2 
Output 
High Voltage 
IOH= -100 ~A; Vcc = 4.5V 
4.2 
V 
• 


AlmEL 


AlmEL 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
15 
MHz 


tWH 
SCK High Time 
30 
ns 


tWL 
SCK Low Time 
30 
ns 


les 
Minimum 
CS High Time 
250 
ns 


less 
CS Setup Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


IesB 
CS High to RDY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
15 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tOIS 
Output 
Disable 
Time 
20 
ns 


tv 
Output 
Valid 
25 
ns 


tXFR 
Page to Buffer Transfer/Compare 
Time 
120 
200 
lJS 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
15 
ms 


tpE 
Page Erase Time 
6 
10 
ms 


tBE 
Block Erase Time 
7 
15 
ms 


tRST 
RESET 
Pulse Width 
10 
lJS 


tREC 
RESET 
Recovery 
Time 
1 
lJS 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
<2. 


4V 
=X:=,0 
AC 
ORIVING 
MEASUREMENT 
LEVELS 0.45V 
0.8 
LEVEL 
J~PF 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when CS makes 
a high-to-Iow 
transition. 
Both 
waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing 
that is compatible 
with SPI Mode 3. 


• 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~~ 
~~~ 
_ 


,REC 
I 
L.L ,css 


SCK 
••• ..fULfl IXXXxxxXl 
~ 
_______ 
~l,RST-i~--- 


RESET 
r-- 
'" 


MSB ----. 
r r r r 
r r X X 
X X X X 
X X X X 
X X X X 
X X X X ..-- 
LSB 
I 
I 
1_' 
---_1 
11 
I 
I 


Reserved for 
Page Address 
Byte/Buffer 
Address 


larger densities 
(PAS-PAO) 
(BAS-BAO/BFAS-BFAO) 


Notes: 
1. 
"r" designates 
bits reserved for larger densities. 


2. 
It is recommended 
that "r" be a logical "0". 


3. 
For densities 
larger than 1M bit, the Or" bits become the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


FLASH 
MEMORY 
ARRAY 


• 


CS~ 


SI XXXX 
CMD 
Xr 
"f, PAS-7)(PA6.0,BFASXBFA7-0X 


. Compfetes writing into buffer 
. Starts self-timed erase/program 
operation 
~r- 


X 
"+1 >e... =><: LaslByteXXXX 


. Completes writing into buffer 
-----"'r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


CS~ 


SIXXXX 
CMD 


Starts selHimed 
erase/program 
operation 
-----"'r- 


Xr ...f. PAB.7X PA6·0,XX 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock 
cycles 
~ 


n = 1st byte written 


n+ 1 = 2nd byte written 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


CS~~ 
~~ 


CS~ 
SIZZ'Z>< 
CMD 


Starts 
reading 
page 
data 
into buffer 
------"r- 


Xr 
..r.PA8.7~ 
X 
><ZZZ 


Eachtransitionrepresents~ 
8 bitsand8 clockcyclesA--A 


n = 1st byte read 


n+ 1 = 2nd byte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~~ 
~~ 


, 
• ...~xxxxxxx 


IV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
Os 
05 


MSB 


Buffer Read 


CS~~ 
~~ • 


38 
39 
40 


, 
• ...~;g;gzz;g;g;g 


IV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
Os 
05 
MSB 


Status Register Read 
cs~ 
~r 


HIGH-IMPEDANCE 
r- 
STATUS REGISTER OUTPUT 
SO----------------------«~ 
...~ 


MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


cs~~ 
~~ 


63 
64 
65 


o 
, 
0 
••• ~><xxzxz:g:g:g 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 


07 
06 
05 
04 


MSB 


Buffer Read 


cs~~ 
--,~ 


o 
, 
0 
••• ~xzxzxz:g:g:g 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 


07 
06 
05 
04 


MSB 


Status Register Read 
cs~ 
~r 


HIGH-IMPEDANCE 
i 
STATUS REGISTER OUTPUT 
SO------------------~ 
...~ 


MSB 
LSB 
MSB 


Main Memory 
Buffer 
Main Memory Page 
Main Memory Page 
Buffer 
Page Read 
Read 
to Buffer Transfer 
to Buffer Compare 
Write 


Opcode 


52H 
54H 
53H 
60H 
84H 


0 
0 
0 
0 
1 


1 
1 
1 
1 
0 


0 
0 
0 
1 
0 


1 
1 
1 
0 
0 


0 
0 
0 
0 
0 


0 
1 
0 
0 
1 


1 
0 
1 
0 
0 


0 
0 
1 
0 
0 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


r 
X 
r 
r 
X 


PA8 
X 
PAS 
PAS 
X 


PAl 
X 
PAl 
PAl 
X 


PA6 
X 
PA6 
PA6 
X 


PAS 
X 
PAS 
PAS 
X 


PM 
X 
PA4 
PM 
X 


PA3 
X 
PA3 
PA3 
X 


PA2 
X 
PA2 
PA2 
X 


PAl 
X 
PAl 
PAl 
X 


PAO 
X 
PAO 
PAO 
X 


BAS 
BFAS 
X 
X 
BFA8 


BA? 
BFA? 
X 
X 
BFA? 


BA6 
BFA6 
X 
X 
BFA6 


BAS 
BFAS 
X 
X 
BFAS 


BM 
BFM 
X 
X 
BFA4 


BA3 
BFA3 
X 
X 
BFA3 


BA2 
BFA2 
X 
X 
BFA2 


BAI 
BFAI 
X 
X 
BFAI 


BAO 
BFAO 
X 
X 
BFAO 


X 
X 


X 
X 
X (Don't 
Care) 
X 
X 
r (reserved 
bits) 
X 
X 


X 
X 


X 
X 


X 
X 


X 
X 
··· 
X (64th bit) 
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Buffer to 
Buffer to 
Main Memory 
Main Memory 
Page Program 
Main Memory 
Auto Page 


Page Program 
without Built-In 
Page 
Block 
Page Program 
Rewrite 
Status 


with Built-In Erase 
Erase 
Erase 
Erase 
Through Buffer 
Through Buffer 
Register 


Opcode 


83H 
88H 
81H 
SOH 
82H 
S8H 
S7H 


1 
1 
1 
0 
1 
0 
0 


0 
0 
0 
1 
0 
1 
1 


0 
0 
, 
0 
0 
0 
0 
0 


0 
0 
0 
1 
0 
1 
1 


0 
1 
0 
0 
0 
1 
0 


0 
0 
0 
0 
0 
0 
1 


1 
0 
0 
0 
1 
0 
1 


1 
0 
1 
0 
0 
0 
1 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 


PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PM 
PA4 
PA4 
PA4 
PM 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
X 
PA2 
PA2 


PAl 
PAl 
PAl 
X 
PAl 
PAl 


PAO 
PAO 
PAO 
X 
PAO 
PAO 


X 
X 
X 
X 
BFA8 
X 


X 
X 
X 
X 
BFA7 
X 


X 
X 
X 
X 
BFA6 
X 


X 
X 
X 
X 
BFAS 
X 


X 
X 
X 
X 
BFA4 
X 


X 
X 
X 
X 
BFA3 
X 


X 
X 
X 
X 
BFA2 
X 


X 
X 
X 
X 
BFAl 
X 


X 
X 
X 
X 
BFAO 
X 


START 
provide address 


and data 


BUFFER WRITE 
(84H) 


MAIN MEMORY PAGE PROGRAM 


(82H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H) 


Notes: 
1. 
This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(B3H) 


Notes: 
1. 
To preserve 
data integrity, 
each page of a DataFlash 
sector 
must be updated/rewritten 
at least once 
within 
every 10,000 
cumulative 
page erase/program 
operations 
within 
that sector. 


2. 
A Page Address 
Pointer 
must be maintained 
to indi- 
cate which 
page is to be rewritten. 
The Auto Page 
Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of 
the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all 


pages 
of the sector. 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


PA2- 
PAS 
PA7 
PA6 
PAS 
PA4 
PA3 
PAO 
Sector 


0 
0 
0 
0 
0 
0 
X 
0 


0 
X 
X 
X 
X 
X 
X 
1 


1 
X 
X 
X 
X 
X 
X 
2 


Icc(mA) 


fSCK (MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


15 
25 
0.02 
AT45D011-JC 
32J 
Commercial 


AT45D011-SC 
8S2 
(O°C to 70°C) 


AT45D011-XC 
14X 


15 
25 
0.02 
AT45D011-JI 
32J 
Industrial 


AT45D011-SI 
8S2 
(-40°C 
to 85°C) 


AT45D011-XI 
14X 
• 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


8S2 
8-Lead, 
0.210" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(EIAJ SOIC) 


14X 
14-Lead, 
0.170" 
Wide, 
Plastic 
Thin Shrink 
Small Outline 
Package 
(TSSOP) 
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Features 


• Single 4.5V • 5.5V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 1024 Pages (264 Bytes/Page) Main Memory 
• Two 264-Byte SRAM Data Buffers - Allows Receiving of Data 
while Reprogramming 
of Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 80 Ils Typical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 15 mA Active Read Current Typical 
- 15 IlA CMOS Standby Current Typical 
• 10 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible Inputs and Outputs 
• Commercial and Industrial Temperature Ranges 


Description 


The AT45D021 
is a 5-volt only, serial interface 
Flash memory 
suitable 
for in-system 
reprogramming. 
Its 2,162,688 
bits of memory 
are organized 
as 1024 pages of 264- 
bytes each. 
In addition 
to the main memory, 
the AT45D021 
also contains 
two data 
SRAM buffers of 264-by1es each. The buffers 
allow receiving 
of data while a page in 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


51 
Serial Input 


SO 
Serial Output 


WP 
Harware Page Write 
Protect Pin 


RESET 
Chip Reset 


RDY/BUSY 
Ready/Busy 


WI' 
A"ESET 


ROYI8USY 
NC 


NC 
NC 


NC 
NC 
NC 


Note: PLCC package pins 16 and 17 
are DON'T CONNECT. 


TSOP Top View 
Type 1 


RDVtBOSY= 
WI' 
NC 
NC 
vcc 
GNO 


NC 


NC 
NCcs 


SCK 


SI 
so 
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VCC 
NC 


NC 
WI'= 
RDY/BUSY 


NC 
NC 
NC 


NC 


NC 
NC 
NC 


NC 
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2-Megabit 
5-volt Only 
Serial 
DataFlash® • 


the main memory 
is being reprogrammed. 
Unlike conven- 
tional 
Flash 
memories 
that are accessed 
randomly 
with 
multiple 
address 
lines 
and 
a parallel 
interface, 
the 
DataFlash 
uses a serial interface 
to sequentially 
access its 
data. The simple serial interface facilitates 
hardware 
layout, 
increases 
system reliability, 
minimizes 
switching 
noise, and 
reduces 
package 
size and active 
pin count. 
The device 
is 
optimized 
for use in many commercial 
and industrial 
appli- 


cations where high density, 
low pin count, low voltage, 
and 
low power 
are 
essential. 
Typical 
applications 
for the 
DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data storage. 
The device operates 
at clock frequencies 
up 
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to 10 MHz with a typical active read current consumption 
of 
15 mA. 


To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45D021 
does 
not require 
high input 
voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 


ply, 
4.5V 
to 
5.5V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45D021 
is enabled 
through 
the chip 
select 
pin (CS) 
and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 


erase cycle is required 
before programming. 


SCK 
~ 
CS~ 


RESET 
~ 


VCC 
~ 


GND 
~ 
RDY/BUSY.- 


Device Operation 


The device operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 


opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 


tion starts with the falling edge of CS followed 
by the appro- 


priate 8-bit opcode 
and the desired 
buffer or main memory 


address 
location. 
While the CS pin is low, toggling the SCK 


pin controls 
the loading 
of the opcode 
and the desired 


buffer 
or main 
memory 
address 
location 
through 
the SI 


(serial input) pin. All instructions, 
addresses, 
and data are 


transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 


from the main memory 
or from either 
one of the two data 


buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 


the user to read data directly 
from 
anyone 
of the 1024 


pages in the main memory, 
bypassing 
both of the data buff- 


ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45D021, 
the 
first 
five 
address 
bits 
are 
reserved 
for 
larger 
density 
devices 
(see Notes on page 160), the next 10 address 
bits 
(PA9-PAO) 
specify 
the page 
address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 


within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 


result in serial data being output 
on the SO (serial 
output) 


pin. The CS pin must remain 
low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 


the end of a page in main memory is reached during a main 
memory 
page read, the device will continue 
reading 
at the 


beginning 
of the same page. A low to high transition 
on the 


CS pin will terminate 
the read operation 
and tri-state 
the 


SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address 
bits, and eight don't care bits. Since the buffer size 
is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 


The 
CS pin must 
remain 
low during 
the loading 
of the 
opcode, the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, 
the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the CS pin will terminate 
the read 
operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the five reserved 
bits, 10 
address 
bits (PA9-PAO) 
which 
specify 
the page 
in main 
memory 
that is to be transferred, 
and nine don't care bits. 
The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the SI pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the five reserved 
bits, 
10 address 
bits (PA9-PAO) 
which 
specify 
the page in the main 
memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling the SCK 
pin to load the opcode, 
the address bits, and the don't care 
bits from the SI pin. On the low to high transition 
of the CS 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the Sl pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits and 
nine address 
bits 
(BFA8-BFAO). 
The nine address bits specify the first byte in 
the buffer 
to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
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device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into 
the main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the five reserved 
bits, 10 address 
bits (PA9-PAO) that spec- 
ify the page in the main 
memory 
to be written, 
and nine 
additional 
don't 
care 
bits. When 
a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place in a maxi- 
mum time of tEp. During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
• 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the five reserved 
bits, 10 
address 
bits (pA9-PAO) 
that specify 
the page in the main 
memory 
to be written, 
and nine additional 
don't care bits. 
When a low to high transition 
occurs on the CS pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously programmed 
to all 1s (erased 
state). 
The program- 
ming of the page is internally 
self timed 
and should 
take 
place in a maximum 
time of tp• During this time, the status 
register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the five reserved 
bits and 19 address 
bits. The 10 most 
significant 
address 
bits (PA9-PAO) 
select 
the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the SI pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 
wrap 
around 
back 
to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should take 
place in a maximum 
of time tEP' During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. 
This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory to 
buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back into its original 
page of 
main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 
2, is followed 
by the five reserved 
bits, 10 address 
bits (PA9-PAO) that specify the page in main memory to be 
rewritten, and nine additional 
don't care bits. When a low to 
high transition 
occurs on the CS pin, the part will first trans- 
fer data from the page in main memory to a buffer and then 
program 
the data from the buffer 
back into same page of 
main memory. 
The operation 
is internally 
self-timed 
and 
should 
take place 
in a maximum 
time of tEp. During 
this 
time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 
sequentially 
page 
by page, 
then the programming 
algo- 
rithm 
shown 
in Figure.1 
is recommended. 
Otherwise, 
if 
multiple 
bytes in a page or several 
pages are programmed 
randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After 
bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from 
0 to 1. There 
are six operations 
which 
can 
cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
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Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 
Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status register. 
For the AT45D021, 
the three bits are 0, 1, 


and O. The decimal 
value of these three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, 
allowing 
a total of eight different 
density 
configurations. 


Read/Program Mode Summary 
The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use 
of the flash 
memory 
array 
(Group A) and modes 
which 
do not make use of the flash 
memory array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program with 
built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program with- 
out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 
during 
this time in which 
a Group 
A mode 
is in progress, 
modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect 
pin high and then use the 
program 
commands 
previously 
mentioned. 


Bit 7 


RDY/BUSY 


Bit6 


COMP 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit; 
therefore, 
there are no restrictions 
on the RESET 
pin during power-on 
sequences. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external pull-up resistor), will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


When power is first applied to the device, or when recover- 
ing from 
a reset 
condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low stransition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 
• 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings' may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(l) 
4.5V to 5.5V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Min 
Typ 
Max 
Units 


Ise 
Standby 
Current 
CS, RESET, WP = VIH, all inputs 
15 
30 
IJA 
at CMOS 
levels 


ICC1 
Active 
Current, 
Read 
f = 10 MHz; lOUT= 0 mA; 
15 
25 
mA 
Operation 
Vcc = 5.5V 


Icc2 


Active 
Current, 
Vcc= 
5.5V 
25 
50 
mA 
Program/Erase 
Operation 


III 
Input Load Current 
VIN = CMOS 
levels 
10 
IJA 


ILO 
Output 
Leakage 
Current 
Vvo = CMOS 
levels 
10 
IJA 


Vll 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output 
Low Voltage 
IOl = 2.1 mA 
0.45 
V 


VOH1 
Output 
High Voltage 
IOH= -400 IJA 
2.4 
V 


VOH2 
Output 
High Voltage 
'OH= -100 IJA; Vcc = 4.5V 
4.2 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
10 
MHz 


tWH 
SCK High Time 
40 
ns 


tWl 
SCK Low Time 
40 
ns 


tcs 
Minimum 
CS High Time 
250 
ns 


less 
CS Setup 
Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


tcse 
CS High to ROY/BUSY 
Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
25 
ns 


tHO 
Output 
Hold Time 
0 
ns 


tolS 
Output 
Disable 
Time 
75 
ns 


tv 
Output 
Valid 
80 
ns 


tXFR 
Page to Buffer Transfer/Compare 
Time 
80 
150 
IJS 


tEP 
Page Erase and Programming 
Time 
10 
20 
ms 


tp 
Page Programming 
Time 
7 
14 
ms 


tRST 
RESET 
Pulse Width 
10 
IJs 


tREC 
RESET 
Recovery 
Time 
1 
IJs 


AC 
2.4V~0 
AC 
DRIVING< 
. 
MEASUREMENT 
lEVELS 
0.45V 
o.a 
lEVEL 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being high when 
CS makes 
a high-to-Iow 
transition. 
Both 
wavforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing that is compatible 
with SPI Mode 3. 
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tV 


HIGHZ 
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Reset Timing (Inactive Clock Polarity Low Shown) 


CS ~ 
~~ 


tREC 
I 
tCSS 


RE::: 
0_0_0nnn~~I-~x-::~ST~x--x~~ 


HIGH IMPEDANCE 
HIGH IMPEDANCE 
SO 
------------000 
CX=>C=:>>----------- 


MSB -. 
r r r r 
r X X X 
X X X X 
X X X X 
X X X X 
X X X X ~ 
LSB 
I 
I 
I~I----I 
~11 
I 
I 


Reserved for 
Page Address 
Byte/Buffer 
Address 


larger densities 
(PM-PAO) 
(BA8-BAO/BFA8-BFAO) 


Notes: 
1. 
or" designates 
bits reserved 
for larger densities. 


2. 
It is recommended 
that "r" be a logical 
"0" for densities 
of 2M bit or smaller. 


3. 
For densities 
larger than 2M bit, the or" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


• 


. Completes writingintoselected buffer 
. Starts self-timederase/program operation 


C8~ 
~r- 


81 XXXX 
CMD 
)<{rrrr, 
PA9-V(PAS-o,BFA8X 
BFA7-0 X 
~X 
n+1 )C---J< 
LastByte XXXX 


. Completes writingintoselected buffer 
-------"r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


C8~ 


81XXXX 
CMD 


Starts selHimed 
erase/program 
operation 
-------..~ 


X,rrrr, 
PA9-7X 
PAS-O,X X 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


cs~~ 
~ 


Starts 
reading 
page 
data 
into buNer 
-----'r- 


Each transition represents ~ 


8 bits and 8 clock cycles ~ 


n = 1st byte written 


n+1 = 2nd byte written 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~~ 
~ 


, 
0 
••• ~xxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 


MSB 


Buffer Read 


CS~ 
~ 
II 
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, 
0 
••• ~xxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 
MSB 


Status Register Read 


cs~~ 
~r 


HIGH-IMPEDANCE 
r- 
STATUS REGISTER OUTPUT 
SO--------------------~ 
...~ 
MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


cs~~ 
r- 


· , · ...~zzzzzzzzz 


tV~ 
HIGH-IMPEDANCE 
DATAOUT 
07 
06 
Os 
04 


MSB 


Buffer Read 
cs~~ 
r- 


· , · ...~zzzzzzz 


tV~ 
HIGH-IMPEDANCE 
DATAOUT 
D7 
06 
Os 
04 
MSB 


Status Register Read 


cS~~ 
----Jr 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 
1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 
2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 
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0 
0 
0 
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X 


PA9 
X 
X 
PA9 
PA9 
PA9 
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X 
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PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PAS 
X 
X 
PAS 
PAS 
PAS 
PAS 
X 
X 


PA4 
X 
X 
PM 
PA4 
PA4 
PM 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
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PAO 
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X 
PAO 
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X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 
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BFAS 
BFAS 
X 
X 
X 
X 
BFAS 
BFAS 


BM 
BFM 
BFM 
X 
X 
X 
X 
BFM 
BFA4 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
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X 
X 
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X 
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BAl 
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X 
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X 
BFAl 
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BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 


X 
X 
X 
X (Don't Care) 
X 
X 
X 


X 
X 
X 
r (reserved 
bits) 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (64th 
bit) 
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Buffer 1 to 
Buffer 2 to 
Buffer 1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built-In 
with Built-In 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 


Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
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Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
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X (Don't Care) 
r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 


provide address 


and data 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 


(83H,86H) 


Notes: 
1. 
This type of algorithm 
is used for applications 
in which the entire array 
is programmed 
sequentially, 
filling 
the array page-by- 
page. 


2. 
A page can be written 
using either a Main Memory 
Page Program 
operation 
or a Buffer Write operation 
followed 
by a Buffer 
to Main Memory 
Page Program 
operation. 


3. 
The algorithm 
above 
shows 
the programming 
of a single 
page. The algorithm 
will be repeated 
sequentially 
for each page 
within 
the entire 
array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 
(82H,85H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 
(83H,86H) 


Auto Page Rewrite(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array 
must be updated/rewritten 
at least once within 
every 


10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other algorithms 
can be used to rewrite 
portions 
of the Flash array. low 
power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages of the Flash array. See application 


note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc(mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


10 
25 
0.03 
AT45D021-JC 
32J 
Commercial 


AT45D021-RC 
28R 
(O°C to lO°C) 


AT45D021-TC 
28T 


10 
25 
0.03 
AT45D021-JI 
32J 
Industrial 


AT45D021-RI 
28R 
HO°C 
to 85°C) 


AT45D021- TI 
28T 
• 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
Package 
(PLCC) 


28R 
28-Lead, 
0.330" 
Wide, 
Plastic 
Gull-Wing 
Small 
Outline 
Package 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small Outline 
Package 
(TSOP) 
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Features 


• Single 4.5V - 5.5V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 2048 Pages (264 Bytes/Page) Main Memory 
• Two 264-Byte SRAM Data Buffers - Allows Receiving of Data 
while Reprogramming 
of Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 80 liS Typical Page to Buffer Transfer Time 
• Low Power Dissipation 


- 15 mA Active Read Current Typical 
- 20 IIA CMOS Standby Current Typical 
• 10 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible Inputs and Outputs 
• Commercial 
and Industrial Temperature Ranges 


Description 


The AT45D041 
is a 5-volt only, serial interlace 
Flash memory 
suitable 
for in-system 
reprogramming. 
Its 4,325,376 
bits of memory 
are organized 
as 2048 pages of 264- 
bytes each. 
In addition 
to the main memory, 
the AT45D041 
also contains 
two data 
SRAM buffers of 264-bytes 
each. The buffers allow receiving 
of data while a page in 


the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memories 
that 


(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page Write 
Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


SCK 
5'" 
l") N 
;; 
~ 
M ~29 
\W 


51 
28 
~ 
SO 
27 
ROY/i3tJS'Y 
NC 
26 
NC 


NC 
25 
NC 
NC 
24 
NC 
NC 
23 
NC 
NC 
22 
NC 


NC 
13:! ~ ~ ';::::! ~ ~21 
NC 


TSOP Top View 


Type 1 


Note: PLCC package pins 16 and 
17 are DON'T CONNECT. 


SOIC 


ROY/BUSY= 
YiP 
NC 
NC 
vcc 
GND 
NC 


NC 
NC 
cs 


SCK 
5' 
SO 


AlmEL 


VCC 


NC 


NC 
W?= 
ROY~ 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 
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4-Megabit 
5-volt Only 
Serial 
DataFlash® • 


are accessed 
randomly 
with multiple 
address 
lines and a 
parallel 
interface, 
the DataFlash 
uses a serial 
interface 
to 
sequentially 
access 
its data. The simple 
serial 
interface 
facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and reduces 
package 
size and 
active 
pin count. 
The device 
is optimized 
for use in many 
commercial 
and industrial 
applications 
where 
high density, 
low pin count, 
low voltage, 
and low power 
are essential. 


Typical applications 
for the DataFlash 
are digital voice stor- 
age, image storage, 
and data storage. The device operates 
at clock frequencies 
up to 10 MHz with a typical active read 
current consumption 
of 15 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT 450041 
does 
not require 
high input 
voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
4.5V 
to 
5.5V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45D041 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


SCK 
---.. 


CS 
---.. 


RESET 
---.. 


VCC 
---.. 


GND 
---.. 


RDY/SOSY 
..- 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 
tion starts with the falling edge of CS followed 
by the appro- 
priate 8-bit opcode 
and the desired 
buffer or main memory 
address 
location. 
While the CS pin is low, toggling the SCK 
pin controls 
the loading 
of the opcode 
and the desired 
buffer 
or main 
memory 
address 
location 
through 
the SI 
(serial input) pin. All instructions, 
addresses, 
and data are 
transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data directly 
from 
anyone 
of the 2048 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 


address 
bits and 32 don't care bits. In the AT45 0041 , the 
first 
four 
address 
bits 
are 
reserved 
for 
larger 
density 
devices 
(see Notes on page 178), the next 11 address 
bits 
(PA10-PAO) 
specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output 
on the SO (serial 
output) 
pin. The CS pin must remain 
low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory is reached 
during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from eitl:ler one of the 
two buffers, using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 


buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address 
bits, and eight don't care bits. Since the buffer size 
is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 
The 
CS pin must 
remain 
low during 
the loading 
of the 
opcode, the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the CS pin will terminate 
the read 
operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the four reserved 
bits, 11 
address 
bits (PA 1O-PAO) which 
specify 
the page in main 
memory 
that is to be transferred, 
and nine don't care bits. 
The CS pin must be low while toggling the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the SI pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether 
the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 
1 or buffer 2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the four reserved 
bits, 11 address 
bits (p A 1O-PAO) which 
specify 
the page 
in the main 
memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling 
the SCK 
pin to load the opcode, the address bits, and the don't care 
bits from the SI pin. On the low to high transition 
of the CS 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status 
register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the SI pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits and nine 
address 
bits 
(BFA8-BFAO). 
The nine address bits specify the first byte in 
the buffer 
to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 


AlmE!L 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can be programmed 
into the 
main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the four 
reserved 
bits, 
11 address 
bits (PA10-PAO) 
that 
specify 
the page in the main 
memory 
to be written, 
and 
nine additional 
don't care bits. When a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place 
in a maxi- 
mum time of tEp• During 
this time, 
the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with 
the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the four reserved 
bits, 11 
address 
bits (PA 1O-PAO) that specify the page in the main 
memory 
to be written, 
and nine additional 
don't 
care bits. 
When a low to high transition 
occurs on the CS pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously 
programmed 
to all 1s (erased 
state). 
The program- 
ming of the page is internally 
self timed 
and should 
take 
place in a maximum 
time of tp. During this time, the status 
register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE 
PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the four reserved 
bits and 20 address 
bits. The 11 most 
significant 
address 
bits (PA10-PAO) 
select the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the SI pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 


wrap 
around 
back to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 


ming of the page are internally 
self timed and should 
take 
place in a maximum 
of time tEP' During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed 
if multi- 
ple bytes within a page or multiple 
pages of data are modi- 


fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 


• 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory 
to 
buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back into its original 
page of 
main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 2, is followed 
by the four reserved 
bits, 11 address 
bits (PA10-PAO) 
that specify 
the page in main memory 
to 
be rewritten, 
and nine additional 
don't care bits. When 
a 
low to high transition 
occurs on the CS pin, the part will first 
transfer data from the page in main memory to a buffer and 
then program the data from the buffer back into same page 
of main memory. 
The operation 
is internally 
self-timed 
and 
should 
take 
place 
in a maximum 
time of tEp• During 
this 
time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 
sequentially 
page 
by page, 
then the programming 
algo- 
rithm 
shown 
in Figure 
1 is recommended. 
Otherwise, 
if 
multiple 
bytes in a page or several 
pages are programmed 
randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 
determine 
the device's 
ready/busy 
status, 
the result 
of a 
Main Memory 
Page to Buffer 
Compare 
operation, 
or the 
device 
density. 
To read the status 
register, 
an opcode 
of 
57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted 
out on the SO 
pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 
reserved 
for future 
use and will have 
undefined 
values. 
After 
bit 0 of the status 
register 
has been shifted 
out, the 
sequence 
will repeat itself (as long as CS remains 
low and 
SCK is being toggled) 
starting 
again with bit 7. The data in 
the status register is constantly 
updated, 
so each repeating 
sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 
is in a busy state. The user can continuously 
poll bit 7 of the 
status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device is no longer busy, the state of SO will 
change 
from 
0 to 1. There 
are six operations 
which 
can 
cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
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Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 
Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status 
register. 
For the AT45D041, 
the three bits are 0, 1, 
and 1. The decimal 
value of these three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, 
allowing a total of eight different 
density 
configurations. 


Read/Program Mode Summary 
The modes listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group 
A) and modes 
which 
do not make 
use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program 
with 
built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program 
with- 
out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 
during 
this time in which 
a Group 
A mode 
is in progress, 
modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from 
buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


Bit 7 


RDY/BUSY 


Bit6 


COMP 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory 
cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect 
pin high and then use the 
program 
commands 
previously 
mentioned. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine 
to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit; 
therefore, 
there 
are no restrictions 
on the RESET 
pin during power-on 
sequences. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through an 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
-0.6V to Vcc + 0.6V 


external pUll-Up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during 
page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover- 
ing from a reset 
condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will bein a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 


automatically 
selected 
on every falling edge of CS by sam- 


pling the inactive clock state. 


'NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


AT45D041 


Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(1) 
4.5V to 5.5V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


ISB 
Standby Current 
CS, RESET, WP = V,H,all inputs at 
20 
40 
jJA 
CMOS levels 


ICCl 
Active Current, Read Operation 
f = 10 MHz; lOUT= 0 mA; Vcc = 5.5V 
15 
25 
mA 


Icc2 
Active Current, Program/Erase 
Vcc = 5.5V 
25 
50 
mA ... 


Operation 


III 
Input Load Current 
V" = CMOS ievels 
10 
jJA 


ILO 
Output Leakage Current 
V,tO= CMOS levels 
10 
jJA 


V,L 
Input Low Voltage 
0.8 
V 


V,H 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL=2.1 mA 
0.45 
V 


VOH1 
Output High Vollage 
10H= -400 jJA 
2.4 
V 


VOH2 
Output High Vollage 
10H= -100 jJA; Vcc = 4.5V 
4.2 
V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
10 
MHz 


tWH 
SCK High Time 
40 
ns 


tWL 
SCK Low Time 
40 
ns 


les 
Minimum CS High Time 
250 
ns 


less 
es Setup Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


tCSB 
CS High to RDY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
25 
ns 


tHO 
Output Hold Time 
0 
ns 


tDiS 
Output Disable Time 
75 
ns 


tv 
Output Valid 
80 
ns 


tXFA 
Page to Buffer Transfer/Compare Time 
80 
150 
jJs 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
14 
ms 


tAST 
RESET Pulse Width 
10 
jJs 


tREe 
RESET Recovery Time 
1 
jJs 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
2.4V~0 
AC 
DRIVING< 
. 
MEASUREMENT 


LEVELS 
0.45V 
0.8 
LEVEL 


tA• IF < 20 ns (10% 1090%) 


~OOPF 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 
1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 
being 
high when CS makes 
a high-to-Iow 
transition. 
Both 
wavforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 
transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 
Mode 0, and Waveform 
2 shows 
timing that is compatible 
with SPI Mode 3. 


tV 


HIGHZ 
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Reset Timing (Inactive Clock Polarity Low Shown) 


cs ~ 
~~ 


tREC 
+ tCSS 


SCK 
••• ruLfl~=IX=X=X=X=~ 
ruLIL 
rtRSr- 
_ 
RESET -----------------~ 
~ 
------- 


MSB ----. 
r r r r 
r X X X 
X X X X 
X X X X 
X X X X 
X X X X -+- LSB 
I 
I 
'-' ---I---~II 
I 
' 


Reserved 
for 
Page Address 
Byte/Buffer 
Address 


larger densities 
(PA9-PAO) 
(BA8-BAO/BFA8-BFAO) 


1. 
"r" designates 
bits reserved 
for larger 
densities. 


2. 
It is recommended 
that "r" be a logical 
"0' for densities 
of 4M bit or smaller. 


3. 
For densities 
larger than 4M bit, the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


C8~ 


81 XXXX 
CMD 
)<{rrrr. 
PA9-7)(PA6-D,BFASX 
BFA7-D X 
X 
n+1 >e... =><: lastByte 
XXXX 


. Completes 
writing into selected 
buffer 


. Starts sell-timed erase/program operation 
~,r-- 


. Completes 
Writing 
into selected 
buffer 
~,r-- 


Starts self-timed erase/program 
operation 


C8~ 
~~ 


81 XXXX 
CMD 
Xr r r r r, PA9-7X 
PAS-D,X X 
X 
XXXX 


Each transition represents ~ 


8 bits and 8 clock cycles ~ 
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n = 1st byte read 


n+1 = 2nd byte read 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various 
read sequences 
available. 


Main Memory Page Read 


cs~~ 
~r- 


Starts 
reading 
page 
data 
into buffer 
------..~ 


Each transition 
represents 
~ 


8 bits and 8 clock 
cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


cs~ 
~ 
~---------------------------~ 


62 
63 


, 
0 
••• ~xxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 


07 
06 
05 
MSB 


Buffer Read 


cs~~ 
~ 


, 
0 
••• ~xxxxxxz 


HIGH-IMPEDANCE 
tV I DATA OUT 
SO-------------------------~~ 


MSB 


Status Register Read 


CS~~ 
r 


~GISTER 
OUTPUT 


07 
06 
05 
••• 
~ 
MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 


CS~ 
~~ 


o 
, 
0 
••• ~zxzxzxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 
04 
MSB 


Buffer Read 


CS~~ 
~~ 


o 
, 
0 
••• ~~xxxxxxxxx 


HIGH-IMPEDANCE 
DATA OUT 
SO -----------------------~ 
07 
06 
Os 
04 
MSB 


Status Register Read 
cs~'- 
~r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 


Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PM 
X 
X 
PM 
PM 
PM 
PM 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BM 
BFM 
BFM 
X 
X 
X 
X 
BFM 
BFA4 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 


X 
X 
X 
r (reserved 
bits) 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


··· 


X (64th bit) 
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Buffer 1 to 
Buffer2to 
Buffer 1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built-In 
with Built-In 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PA10 
PA10 
PA10 
PAlO 
PA10 
PA10 
PA10 
PA10 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 
PA8 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA4 
PM 
PA4 
PM 
PM 
PA4 
PA4 
PA4 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PAZ 
PAZ 
PA2 
PAZ 
PAZ 
PAZ 
PAZ 
PA2 


PA1 
PA1 
PA1 
PA1 
PA1 
PA1 
PA1 
PA1 


PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
BA8 
BA8 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BA6 
BA6 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BM 
BM 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BA1 
BA1 
X 
X 


X 
X 
X 
X 
BAO 
BAO 
X 
X 


X (Don't 
Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provideaddress 
anddata 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 
(83H,86H) 


Notes: 
1. This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 


page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 
(53H,55H) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 
(82H,85H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H,86H) 


Auto Page Rewrite(2) 


(58H,59H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array must be updated/rewritten 
at least once within 
every 
10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait until 10,000 


cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc(mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


10 
25 
0.04 
AT45D041-JC 
32J 
Commercial 


AT45D041-RC 
28R 
(O°C to 70°C) 


AT45D041-TC 
28T 


10 
25 
0.04 
AT45D041-JI 
32J 
Industrial 


AT45D041-RI 
28R 
(-40°C 
to 85°C) 


AT45D041-TI 
28T 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
Package 
(PLCC) 


28R 
28-Lead, 
0.330" 
Wide, 
Plastic 
Gull-Wing 
Small 
Outline 
Package 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin 
Small 
Outline 
Package 
(TSOP) 
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Features 


• Single 4.5V - 5.5V Supply 
• Serial Interface Architecture 
• Page Program Operation 


- Single Cycle Reprogram (Erase and Program) 
- 4096 Pages (264 Bytes/Page) Main Memory 


• Two 264-Byte SRAM Data Buffers - Allows Receiving of Data 


while Reprogramming 
of Nonvolatile 
Memory 


• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 80 IJsTypical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 15 mA Active Read Current Typical 
- 10 IJA CMOS Standby Current Typical 


• 10 MHz Max Clock Frequency 
• Hardware Data Protection 
Feature 


• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible 
Inputs and Outputs 


• Commercial 
and Industrial 
Temperature Ranges 


Description 


The AT45D081 
is a 5-volt only, serial interface 
Flash memory 
suitable 
for in-system 


reprogramming. 
Its 8,650,752 
bits of memory 
are organized 
as 4096 pages of 264- 


bytes each. 
In addition 
to the main memory, 
the AT45D081 
also contains 
two data 


SRAM buffers 
of 264-bytes 
each. The buffers allow receiving 
of data while a page in 


the main memory 
is being reprogrammed. 
Unlike conventional 
Flash memories 
that 


are accessed 
randomly 
with 
multiple 
address 
lines 
and a parallel 
interface, 
the 
(continued) 


Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


SI 
Serial Input 


SO 
Serial Output 


WP 
Hardware Page 
Write Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


VCC 


NC 


NC 


WP= 
RDYISU'SY 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


ROY/BUSY= 
WP 


NC 


NC 


NC 


VCC 
GNO 


NC 
NC 


NC 


NC 
cs 


SCK 


51 


SO 


TSOP Top View 
Type 1 
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a-Megabit 
5-volt Only 
Serial 
DataFlash® • 


DataFlash 
uses a serial interface 
to sequentially 
access its 
data. The simple serial interface facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and 
reduces 
package 
size and active 
pin count. 
The device 
is 
optimized 
for use in many commercial 
and industrial 
appli- 
cations where high density, 
low pin count, low voltage, 
and 
low power 
are 
essential. 
Typical 
applications 
for 
the 
DataFlash 
are digital 
voice 
storage, 
image 
storage, 
and 
data storage. 
The device 
operates 
at clock frequencies 
up 
to 10 MHz with a typical active read current consumption 
of 
15 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45D081 
does 
not require 
high input 
voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power 
sup- 
ply, 
4.5V 
to 
5.5V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45D081 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interlace 
consisting 
of the Serial 
Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required 
before programming. 


SCK 
-. 


CS 
-. 
RESET 
-. 


VCC 
-. 


GND 
-. 
RDY/BUSY 
..- 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Tables 
1 and 2. A valid instruc- 
tion starts with the falling edge of CS followed 
by the appro- 
priate 8-bit opcode 
and the desired 
buffer or main memory 
address 
location. 
While the CS pin is low, toggling the SCK 
pin controls 
the loading 
of the opcode 
and the desired 
buffer 
or main 
memory 
address 
location 
through 
the SI 
(serial input) pin. All instructions, 
addresses, 
and data are 
transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory read allows 
the user to read data 
directly 
from 
anyone 
of the 4096 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 


address 
bits and 32 don't care bits. In the AT45D081, 
the 
first 
three 
address 
bits are reserved 
for larger 
density 
devices 
(see Notes on page 196), the next 12 address 
bits 
(PA11-PAO) 
specify 
the page address, 
and the next nine 
address 
bits (BA8-BAO) 
specify 
the starting 
byte address 
within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output on the SO (serial 
output) 
pin. The CS pin must remain low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory is reached 
during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 


buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must 
be followed 
by 15 don't 
care 
bits, 
nine 
address 
bits, and eight don't care bits. Since the buffer size 
is 264-bytes, 
nine address 
bits (BFA8-BFAO) 
are required 
to specify 
the first byte of data to be read from the buffer. 
The 
CS pin must 
remain 
low during 
the 
loading 
of the 
opcode, 
the address 
bits, the don't care bits, and the read- 
ing of data. When the end of a buffer is reached, the device 
will continue 
reading 
back at the beginning 
of the buffer. A 
low to high transition 
on the CS pin will terminate 
the read 
operation 
and tri-state the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 2, is followed 
by the three reserved 
bits, 12 
address 
bits (pA 11-PAO) which 
specify 
the page in main 
memory 
that is to be transferred, 
and nine don't care bits. 
The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the Sl pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 
1 or buffer 
2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 
the three reserved 
bits, 12 address 
bits (PA 11-PAO) which 
specify 
the page 
in the main 
memory 
that 
is to be com- 
pared to the buffer, and nine don't care bits. The loading of 
the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling the SCK 
pin to load the opcode, the address 
bits, and the don't care 
bits from the Sl pin. On the low to high transition 
of the CS 
pin, the 264 bytes in the selected 
main memory 
page will 
be compared 
with the 264 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status 
register 
will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the SI pin 
into either 
buffer 
1 or buffer 
2. To load 
data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 
is followed 
by 15 don't 
care 
bits 
and nine 
address 
bits 
(BFA8-BFAO). 
The nine address bits specify the first byte in 
the buffer 
to be written. 
The data is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 
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BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data written into either buffer 1 or buffer 
2 can 
be programmed 
into the main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 
the three 
reserved 
bits, 
12 address 
bits (PA11-PAO) 
that 
specify 
the page 
in the main 
memory 
to be written, 
and 
nine additional 
don't care bits. When a low to high transition 
occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all1s 
and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed 
and should 
take place 
in a maxi- 
mum time of tEP' 
During 
this time, the status 
register 
will 
indicate 
that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with 
the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
• 
or 89H for buffer 2, is followed 
by the three 
reserved 
bits, 


12 address 
bits (PA 11-PAO) that specify 
the page in the 
main memory 
to be written, 
and nine additional 
don't care 
bits. When 
a low to high transition 
occurs 
on the CS pin, 


the part will program 
the data stored 
in the buffer 
into the 
specified 
page in the main memory. 
It is necessary 
that the 
page in main memory 
that is being programmed 
has been 
previously 
programmed 
to all 1s (erased 
state). 
The pro- 
gramming 
of the page is internally 
self timed 
and should 
take place 
in a maximum 
time of tp• During 
this time, the 
status register will indicate that the part is busy. 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 
combination 
of the Buffer Write and Buffer to Main Memory 
Page Program 
with Built-In 
Erase operations. 
Data is first 
shifted into buffer 1 or buffer 2 from the SI pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 
bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 
by the three reserved 
bits and 21 address 
bits. The 12 most 
significant 
address 
bits (PA11-PAO) 
select the page in the 
main memory where data is to be written, and the next nine 
address 
bits (BFA8-BFAO) 
select the first byte in the buffer 
to be written. 
After all address 
bits are shifted 
in, the part 
will take data from the Sl pin and store it in one of the data 
buffers. 
If the end of the buffer is reached, 
the device 
will 


wrap 
around 
back 
to the beginning 
of the buffer. 
When 
there is a low to high transition 
on the CS pin, the part will 
first erase the selected 
page in main memory 
to all 1sand 
then program 
the data stored in the buffer into the specified 
page in the main memory. 
Both the erase and the program- 
ming of the page are internally 
self timed and should take 
place in a maximum 
of time tEP' During this time, the status 
register will indicate that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 
ple bytes within a page or multiple 
pages of data are modi- 
fied in a random fashion. This mode is a combination 
of two 
operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory 
to 


buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back into its original 
page of 


main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 
buffer 2, is followed 
by the three reserved 
bits, 12 address 


bits (PA 11-PAO) that specify 
the page in main memory 
to 


be rewritten, 
and nine additional 
don't 
care bits. When 
a 


low to high transition 
occurs on the CS pin, the part will first 


transfer data from the page in main memory to a buffer and 
then program the data from the buffer back into same page 
of main memory. 
The operation 
is internally 
self-timed 
and 


should 
take 
place 
in a maximum 
time of tEp• During 
this 


time, the status register will indicate that the part is busy. 


If the 
main 
memory 
is programmed 
or reprogrammed 


sequentially 
page 
by page, 
then the programming 
algo- 
rithm 
shown 
in Figure 
1 is recommended. 
Otherwise, 
if 


multiple 
bytes in a page or several 
pages are programmed 


randomly 
in the main memory, 
then the programming 
algo- 
rithm shown in Figure 2 is recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 


determine 
the device's 
ready/busy 
status, 
the result 
of a 


Main Memory 
Page to Buffer 
Compare 
operation, 
or the 


device 
density. 
To read the status 
register, 
an opcode 
of 


57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight 
bits of the status 
register, 
starting 
with the MSB (bit 7), will be shifted out on the SO 


pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 


tion, 
while 
the remaining 
three 
least-significant 
bits are 


reserved 
for future 
use and will have 
undefined 
values. 
After bit 0 of the status 
register 
has been shifted 
out, the 


sequence 
will repeat itself (as long as CS remains low and 


SCK is being toggled) 
starting 
again with bit 7. The data in 


the status register is constantly 
updated, 
so each repeating 


sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 


is in a busy state. The user can continuously 
poll bit 7 of the 


status register by stopping 
SCK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the SO pin, 
and once the device 
is no longer busy, the state of SO will 


change 
from 
0 to 1. There 
are six operations 
which 
can 


cause the device to be in a busy state: Main Memory 
Page 


to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
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Erase, 
Main 
Memory 
Page 
Program, 
and 
Auto 
Page 
Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 


Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 


match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status 
register. 
For the AT45D081, 
the three bits are 1, 0, 


and O. The decimal 
value of these three 
binary 
bits does 


not equate to the device density; 
the three bits represent 
a 


combinational 
code relating 
to differing 
densities 
of Serial 


DataFlash 
devices, 
allowing a total of eight different 
density 


configurations. 


Read/Program Mode Summary 
The modes 
listed above can be separated 
into two groups 


- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group 
A) and modes 
which do not make use of the flash 


memory 
array (Group B). 


Group A modes consist of: 


1. 
Main memory 
page read 


2. 
Main memory 
page to buffer 1 (or 2) transfer 


3. 
Main memory 
page to buffer 1 (or 2) compare 


4. 
Buffer 1 (or 2) to main memory 
page program with 


built-in erase 


5. 
Buffer 1 (or 2) to main memory 
page program with- 


out built-in erase 


6. 
Main memory 
page program 


7. 
Auto page rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) read 


2. 
Buffer 1 (or 2) write 


3. 
Status read 


If a Group A mode is in progress 
(not fully completed) 
then 


another 
mode in Group A should not be started. 
However, 


during 
this time in which 
a Group 
A mode 
is in progress, 


modes in Group B can be started. 


This 
gives 
the 
Serial 
DataFlash 
the ability 
to virtually 


accommodate 
a continuous 
data 
stream. 
While 
data 
is 


being 
programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 


note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 


details. 


Bit 7 


RDY/BUSY 


Bit 6 


COMP 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 256 
pages is to first drive the protect 
pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled high; therefore, 
connection 
of the WP pin is 
not necessary 
if this 
pin and feature 
will not be utilized. 
However, 
it is recommended 
that the WP pin be driven high 
externally 
whenever 
possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
also incorporates 
an internal 
power-on 
reset 
circuit, so there are no restrictions 
on the RESET pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled high; therefore, 
connection 
of the RESET 
pin is not 
necessary 
if this pin and feature 
will not be utilized. 
How- 


All Input Voltages 
(including NC Pins) 
with Respect to Ground 
-0.6V to +6.25V 


All Output Voltages 
with Respect to Ground 
·0.6V to Vcc + 0.6V 


ever, it is recommended 
that the RESET pin be driven high 
externally 
whenever 
possible. 


READY/BUSY: 
This open drain output 
pin will be driven 
low when the device is busy in an internally 
self-timed 
oper- 


ation. This pin, which is normally in a high state (through an 
external 
pull-up resistor), will be pulled low during program- 
ming operations, 
compare 
operations, 
and during 
page-to- 
buffer transfers. 


The busy status indicates that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover· 
ing from 
a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
• 
required 
to start a valid instruction. 
The SPI mode will be 
~ 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


"NOTICE: 
Stresses beyond those listed under "Absolute 
Maximum Ratings· may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 
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Operating Temperature 
I Com. 
O°Cto 70°C 


(Case) 
I Ind. 
-40°C to 85°C 


Vcc Power Supply(1) 
4.5Vto 5.5V 


Note: 
1. After power is applied and Vcc is at the minimum specified data sheet value, the system should wait 20 ms before an oper- 
ational mode is started. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


ISB 
Standby Current 
CS, RESET, WP = V,H,all inputs at 
10 
20 
IJA 
CMOS levels 


ICel 
Active Current, Read Operation 
f = 10 MHz; lOUT= 0 mA; Vcc = 5.5V 
15 
25 
mA 


Icc2 
Active Current, Program/Erase 
Vcc = 5.5V 
25 
50 
mA 
Operation 


III 
Input Load Current 
V,N = CMOS levels 
10 
IJA 


ILO 
Output Leakage Current 
V,tO= CMOS levels 
10 
IJA 


V,L 
Input Low Voltage 
0.8 
V 


V,H 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
10L= 2.1 mA 
0.45 
V 


VOH1 
Output High Voltage 
10H= -400 IJA 
2.4 
V 


VOH2 
Output High Voltage 
10H= -100 IJA; Vcc = 4.5V 
4.2 
V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 


fscK 
SCK Frequency 
10 
MHz 


tWH 
SCK High Time 
40 
ns 


tWL 
SCK Low Time 
40 
ns 


tcs 
Minimum CS High Time 
250 
ns 


less 
es Setup Time 
250 
ns 


IeSH 
CS Hold Time 
250 
ns 


IeSB 
CS High to ROY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
25 
ns 


tHO 
Output Hold Time 
0 
ns 


toIS 
Output Disable Time 
75 
ns 


tv 
Output Valid 
80 
ns 


tXFR 
Page to Buffer Transfer/Compare Time 
80 
150 
IJs 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
14 
ms 


tRST 
RESET Pulse Width 
10 
IJs 


tREc 
RESET Recovery Time 
1 
IJs 


Input Test Waveforms 
and 
Measurement 
Levels 


AC 
2.4V~AC 
< 


2.0 


DRIVING 
MEASUREMENT 
LEVELS 
0.45V 
0.8 
LEVEL 


IR, IF < 20 ns (10% 
10 90%) 


~~PF 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 


1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 


being 
high when CS makes 
a high-to-Iow 
transition. 
Both 


wavforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 


transition 
on the SCK signal. 


Waveform 
1 shows timing that is also compatible 
with SPI 


Mode 0, and Waveform 
2 shows 
timing that is compatible 


with SPI Mode 3. 
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Reset Timing (Inactive 
Clock Polarity Low Shown) 
cs -----......-----------------tRE~ 
tCSS 


SCK 
••• SU1.Jl 
~~-x~x~xx~%xL1---1lI1JL 
ilRST--l 


RESET ----------------~~ 
?i"~------ 


MSB-. 
r r r X 
XXXX 
y' 
Reserved 
for 


larger densities 


I 
Page Address 


(PA11-PAO) 


I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8-BFAO) 


1. 
"r" designates 
bits reserved 
for larger 
densities. 


2. 
It is recommended 
that "r" be a logical 
"0" for densities 
of 8M bit or smaller. 


3. 
For densities 
larger 
than 8M bit. the "r" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate the various write sequences 
available. 


• 


CS~ 


SI XXXX 
CMD 
Xrrr. 
PA11-7)(PA6-0.BFASX 
BFA7-0 X 
X 
n+1 >e... :Y: LastByte 
XXXX 


. Completes 
writing into selected 
buffer 


. Starts self-timed erase/program 
operation 
~r- 


. Completes writing into selected buffer 
------'r- 


CS~ 


SIXXXX 


Starts self-timed erase/program operation 
------.~ 


CMD 
Xrrr. 
PA11-7X 
PA6-0. X X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock 
cycles 
~ 
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n = 1st byte read 


n+ 1 = 2nd by1e read 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various read sequences 
available. 


Main Memory Page Read 


cs~~ 
~ 


Stans reading page data into butter 
-----"r- 


Each transition represents ~ 


8 bits and 8 clock cycles ~ 


n = 1st byte read 
n+1 = 2nd bvte read 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 


CS~ 
~ 


, 
0 
••• ~xxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
Os 
MSB 


Buffer Read 


CS~~ 
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, 
0 
••• ~zzzxxx 


tV~ 
HIGH-IMPEDANCE 


07 
06 
Os 
MSB 


Status Register Read 


cs~~ 
~r 


r- 
STATUS 
REGISTER 
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SO 
H_IG_H_-_IM_P_E_D_A_N_C_E 
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••• 
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MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing - Inactive Clock Polarity High 


Main Memory Page Read 
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Buffer Read 
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" ...~xxxxxxxxx 
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Status Register Read 
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Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
1 


1 
1 
1 
1 
1 
1 
1 
0 
0 


0 
0 
0 
0 
0 
1 
1 
0 
0 


1 
1 
1 
1 
1 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
1 
1 
0 
0 
0 
0 
1 


0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAll 
X 
X 
PAll 
PAll 
PAll 
PAll 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PM 
X 
X 
PM 
PM 
PM 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BM 
BFM 
BFA4 
X 
X 
X 
X 
BFM 
BFA4 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 


X 
X 
X 
r (reserved 
bits) 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (64th bit) 


AlmEL 


• 


AlmEL 


Buffer 1 to 
Buffer 2 to 


Buffer 1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 


with Built-In 
with Built-In 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 


Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 


PM 
PM 
PA4 
PA4 
PA4 
PA4 
PA4 
PA4 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BA5 
BA5 
X 
X 


X 
X 
X 
X 
BM 
BM 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BAl 
BAl 
X 
X 


X 
X 
X 
X 
BAO 
BAO 
X 
X 


X (Don't 
Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of the Entire Array Sequentially 


START 
provideaddress 
anddata 


BUFFER WRITE 


(84H,87H) 


MAIN MEMORY PAGE PROGRAM 
(82H,8SH) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 
(83H,86H) 


Notes: 
1. This type of algorithm is used for applications in which the entire array is programmed sequentially, filling the array page-by- 
page. 


2. A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire array. 
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provide address of 


page to modify 


MAIN MEMORY PAGE 


to BUFFER TRANSFER 


(S3H, 
SSH) 


If planning to modify multiple 


bytes currently stored within 


a page of the Flash array 


BUFFER WRITE 


(B4H, 
B7H) 


MAIN MEMORY PAGE PROGRAM 


(B2H, 
BSH) 


BUFFER to MAIN 


MEMORY PAGE PROGRAM 


(B3H, 
B6H) 


Auto Page Rewrite(2) 


(SBH, S9H) 


INCREMENT PAGE 
ADDRESS POINTER(2) 


Notes: 
1. 
To preserve 
data integrity, 
each page of the DataFlash 
memory 
array 
must be updated/rewritten 
at least once within 
every 
10,000 
cumulative 
page erase/program 
operations. 


2. 
A Page Address 
Pointer 
must be maintained 
to indicate 
which 
page is to be rewritten. 
The Auto Page Rewrite 
command 
must use the address 
specified 
by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 
operations 
have accumulated 
before 
rewriting 
all pages 
of the Flash array. See application 
note AN-4 
("Using 
Almel's 
Serial 
DataFlash") 
for more details. 


fSCK 
Icc (mA) 


(MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


10 
25 
0.02 
AT45D081-RC 
28R 
Commercial 


AT45D081-TC 
32T 
(O°C to 70°C) 


10 
25 
0.02 
AT45D081-RI 
28R 
Industrial 


AT45D081-TI 
32T 
(-40°C 
to 85°C) 


Package 
Type 


28R 
I 28-Lead. 
0.330" 
Wide, 
Plastic 
Gull-Wing 
Small 
Outline 
Package 
(SOl C) 


32T 
I 32-Lead. 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 
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PLCC 
TSOP Top View 


It/)uu~8ou 
Type 1 


OZZ<'>zz 


ROYIBUSY 
NC 


SCK 
WI' 
R£ID 
NC 


S, 
i'i£m 
WI' 
NC 


so 
ROY/BiJ'SY 
NC 
NC 


NC 
NC 
NC 
NC 
vcc 
NC 
NC 
NC 
GND 
NC 
NC 
NC 
NC 
NC 


NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


NC 
NC 
~ 
NC 


SCK 
NC 
~~gg~~~ 
Sl 
NC 


Rev. 1081 A-<l6l98 
so 
NC 


Note: PLCC package pins 16 
and 17 are DON'T CONNECT 
AlmEL 
4-207 


Features 


• Single 4.5V - 5.5V Supply 
• Serial Interface Architecture 
• Page Program Operation 
- Single Cycle Reprogram (Erase and Program) 
- 4096 Pages (528 Bytes/Page) Main Memory 
• Optional Page and Block Erase Operations 
• Two 528-Byte SRAM Data Buffers - Allows Receiving of Data 
while Reprogramming of Nonvolatile Memory 
• Internal Program and Control Timer 
• Fast Page Program Time - 7 ms Typical 
• 120 IJSTypical Page to Buffer Transfer Time 
• Low Power Dissipation 
- 15 mA Active Read Current Typical 
- 10 IJACMOS Standby Current Typical 
• 15 MHz Max Clock Frequency 
• Hardware Data Protection Feature 
• Serial Peripheral Interface (SPI) Compatible - Modes 0 and 3 
• CMOS and TTL Compatible Inputs and Outputs 
• Commercial and Industrial Temperature Ranges 


Description 


The AT45D161 
is a 5-volt only, serial interface 
Flash memory suitable for in-system 
reprogramming. 
Its 17,301,504 
bits of memory are organized as 4096 pages of 528 
bytes each. In addition to the main memory, the AT45D161 
also contains two SRAM 
data buffers of 528 bytes each. The buffers allow receiving of data while a page in the 
main memory is being reprogrammed. 
Unlike conventional 
Flash memories that are 
Pin Configurations 
(continued) 


SOIC 
Pin Name 
Function 


CS 
Chip Select 


SCK 
Serial Clock 


Sl 
Serial Input 


SO 
Serial Output 


WP 
HardwarePage 
Write Protect Pin 


RESET 
Chip Reset 


ROY/BUSY 
Ready/Busy 


C 
1 
28 :::J 


2 
27 :::J 


3 
26 


• 
2' 
, 
•• 
• 
23 
7 
22 


8 
21 
• 
2<l 
10 
,. 


11 
18 


12 
17 


13 
,. 
" 


15 


VCC 


NC 
NC 
Wl' 
R£ID 
RDY/BUSY 


NC 


NC 


NC 


NC 
NC 
NC 
NC 
NC 
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16-Megabit 
5-volt Only 
Serial 
DataFlash® 


AT45D161 
Preliminary • 


accessed 
randomly 
with multiple address lines and a paral- 
lel interface, 
the 
DataFlash 
uses 
a serial 
interface 
to 
sequentially 
access 
its data. 
The simple 
serial 
interface 
facilitates 
hardware 
layout, 
increases 
system 
reliability, 
minimizes 
switching 
noise, and reduces 
package 
size and 
active 
pin count. 
The device 
is optimized 
for use in many 
commercial 
and industrial 
applications 
where 
high density, 
low pin count, 
low voltage, 
and low power 
are essential. 


Typical applications 
for the DataFlash 
are digital voice stor- 
age, image storage, 
and data storage. The device operates 
at clock frequencies 
up to 15 MHz with a typical active read 
current consumption 
of 15 mA. 
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To allow 
for simple 
in-system 
reprogrammability, 
the 
AT45D161 
does 
not require 
high 
input 
voltages 
for pro- 
gramming. 
The device 
operates 
from a single 
power sup- 
ply, 
4.5V 
to 
5.5V, 
for 
both 
the 
program 
and 
read 
operations. 
The AT45D161 
is enabled 
through 
the chip 
select 
pin (CS) and accessed 
via a three-wire 
interface 
consisting 
of the Serial Input (SI), Serial Output 
(SO), and 
the Serial Clock (SCK). 


All programming 
cycles 
are self-timed, 
and no separate 
erase cycle is required before programming. 


SCK 
-.. 


CS 
-.. 


RESET 
-.. 


VCC 
-.. 


GND 
-.. 


RDY/BUSY 
..- 


Memory Array 


To provide 
optimal 
flexibility, 
the memory 
array 
of the 
AT45D161 
is divided 
into three 
levels 
of granularity 
com- 
prising 
of sectors, 
blocks, 
and pages. 
The Memory 
Archi- 
tecture Diagram 
illustrates 
the breakdown 
of each level and 


details 
the number 
of pages per sector 
and block. All pro- 
gram operations 
to the DataFlash 
occur on a page by page 
basis; however, 
the optional 
erase operations 
can be per- 
formed at the block or page level. 


BLOCK • 
BLOCK 1 


BLOCK 30 


BLOCK 31 


BLOCK 32 


BLOCK " 


BLOCK 62 


BLOCK " 
BLOCK •• 
BLOCK OS 


BLOCK •• 


BLOCK SOl 


BLOCK 51. 


BLOCK 511 


Device Operation 


The device 
operation 
is controlled 
by instructions 
from the 
host processor. 
The list of instructions 
and their associated 
opcodes 
are contained 
in Table 
1 and Table 
2. A valid 
instruction 
starts with the falling edge of CS followed 
by the 
appropriate 
8-bit opcode 
and the desired 
buffer 
or main 
memory 
address 
location. 
While the CS pin is low, toggling 
the SCK pin controls 
the loading 
of the opcode 
and the 
desired 
buffer 
or main memory 
address 
location 
through 
the SI (serial 
input) 
pin. All instructions, 
addresses, 
and 
data are transferred 
with the most significant 
bit (MSB) first. 


Read 
By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either one of the two data 
buffers. 


MAIN MEMORY 
PAGE READ: A main memory 
read allows 
the user to read data 
directly 
from 
anyone 
of the 4096 
pages in the main memory, 
bypassing 
both of the data buff- 
ers and leaving 
the contents 
of the buffers 
unchanged. 
To 
start a page read, the 8-bit opcode, 
52H, is followed 
by 24 
address 
bits and 32 don't care bits. In the AT45D161, 
the 
first 
two 
address 
bits 
are 
reserved 
for 
larger 
density 
devices 
(see Notes on page 216), the next 12 address 
bits 
(pA 11-PAO) 
specify 
the page 
address, 
and the next 
10 
address 
bits (BA9-BAO) 
specify 
the starting 
byte address 
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PAGE • 
PAGE 1 


PAGE • 
PAGE 1 


PAGE • 
PAGE • 


PAGE ,. 


PAGE 15 


PAGE •• 
PAGE 11 


PAGE ,. 


PAGE.... 


PAGE •••• 
PAGE ••• 5 


within the page. The 32 don't care bits which follow the 24 
address 
bits are sent to initialize 
the read operation. 
Fol- 
lowing 
the 32 don't 
care 
bits, 
additional 
pulses 
on SCK 
result in serial data being output on the SO (serial output) 
pin. The CS pin must remain 
low during the loading 
of the 
opcode, 
the address 
bits, and the reading 
of data. When 
the end of a page in main memory is reached during a main 
memory 
page read, the device will continue 
reading 
at the 
beginning 
of the same page. A low to high transition 
on the 
CS pin will terminate 
the read operation 
and tri-state 
the 
SO pin. 


BUFFER 
READ: 
Data can be read from either 
one of the 
two buffers, 
using different 
opcodes 
to specify which buffer 
to read from. An opcode 
of 54H is used to read data from 
buffer 
1, and an opcode 
of 56H is used to read data from 
buffer 
2. To perform 
a buffer 
read, 
the eight 
bits of the 
opcode 
must be followed 
by 14 don't care bits, 10 address 
bits, and eight don't care bits. Since the buffer size is 528- 
bytes, 10 address 
bits (BFA9-BFAO) 
are required to specify 
the first byte of data to be read from the buffer. The CS pin 
must 
remain 
low during 
the loading 
of the opcode, 
the 
address 
bits, the don't care bits, and the reading 
of data. 
When 
the end of a buffer 
is reached, 
the device 
will con- 
tinue reading 
back at the beginning 
of the buffer. A low to 


• 


high transition 
on the CS pin will terminate 
the read opera- 
tion and tri-state 
the SO pin. 


MAIN MEMORY 
PAGE TO BUFFER 
TRANSFER: 
A page 
of data can be transferred 
from the main memory 
to either 
buffer 
1 or buffer 2. An 8-bit opcode, 
53H for buffer 
1 and 
55H for buffer 
2, is followed 
by the two reserved 
bits, 
12 
address 
bits (PA11-PAO) 
which 
specify 
the page in main 
memory 
that 
is to be transferred, 
and 10 don't 
care bits. 
The CS pin must be low while toggling 
the SCK pin to load 
the opcode, 
the address 
bits, and the don't care bits from 
the SI pin. The transfer 
of the page of data from the main 
memory to the buffer will begin when the CS pin transitions 
from a low to a high state. During the transfer 
of a page of 
data (tXFR)' 
the status 
register 
can be read to determine 
whether the transfer 
has been completed 
or not. 


MAIN 
MEMORY 
PAGE TO BUFFER 
COMPARE: 
A page 
of data in main 
memory 
can be compared 
to the data in 
buffer 
1 or buffer 
2. An 8-bit opcode, 
60H for buffer 
1 and 
61 H for buffer 2, is followed 
by 24 address bits consisting 
of 


the two reserved 
bits, 12 address 
bits (PA11-PAO) 
which 
specify 
the page 
in the main 
memory 
that is to be com- 
pared to the buffer, 
and 10 don't care bits. The loading 
of 


the opcode 
and the address 
bits is the same as described 
previously. 
The CS pin must be low while toggling 
the SCK 
pin to load the opcode, 
the address 
bits, and the don't care 
bits from the 81 pin. On the low to high transition 
of the CS 
pin, the 528 bytes in the selected 
main memory 
page will 
be compared 
with the 528 bytes in buffer 1 or buffer 2. Dur- 
ing this time (tXFR)' 
the status 
register will indicate 
that the 
part is busy. On completion 
of the compare 
operation, 
bit 6 
of the status register 
is updated 
with the result of the com- 
pare. 


Program 
BUFFER 
WRITE: 
Data can be shifted 
in from the 81 pin 
into either 
buffer 
1 or buffer 
2. To load data 
into either 
buffer, an 8-bit opcode, 
84H for buffer 1 or 87H for buffer 2, 


is followed 
by 14 don't care bits and 10 address bits (BFA9- 
BFAO). The 
10 address 
bits specify 
the first 
byte 
in the 
buffer 
to be wrillen. 
The 
data 
is entered 
following 
the 
address 
bits. If the end of the data buffer 
is reached, 
the 
device will wrap around back to the beginning 
of the buffer. 


Data will continue 
to be loaded into the buffer until a low to 
high transition 
is detected 
on the CS pin. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH 
BUILT-IN ERASE: 
Data wrillen 
into either buffer 1 or buffer 
2 can be programmed 
into the main 
memory. 
An 8-bit 
opcode, 
83H for buffer 1 or 86H for buffer 2, is followed 
by 


the two reserved 
bits, 
12 address 
bits (PA11-PAO) 
that 
specify the page in the main memory 
to be wrillen, 
and 10 
additional 
don't 
care 
bits. When 
a low to high transition 
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occurs 
on the CS pin, the part will first erase the selected 
page in main memory 
to all 1s and then program 
the data 
stored 
in the buffer 
into the specified 
page 
in the main 
memory. 
Both the erase and the programming 
of the page 
are internally 
self timed and should 
take place in a maxi- 
mum time of tEp• During 
this time, the status 
register 
will 
indicate that the part is busy. 


BUFFER 
TO MAIN 
MEMORY 
PAGE 
PROGRAM 
WITH- 
OUT BUILT-IN 
ERASE: 
A previously 
erased 
page within 
main 
memory 
can be programmed 
with the contents 
of 
either buffer 1 or buffer 2. An 8-bit opcode, 
88H for buffer 1 
or 89H for buffer 2, is followed 
by the two reserved 
bits, 12 
address 
bits (PA 11-PAO) that specify the page in the main 
memory 
to be wrillen, 
and 10 additional 
don't 
care bits. 


When a low to high transition 
occurs on the CS pin, the part 
will program 
the data stored in the buffer into the specified 
page in the main memory. 
It is necessary 
that the page in 
main memory 
that is being 
programmed 
has been previ- 
ously 
erased. 
The programming 
of the page is internally 
self timed and should 
take place in a maximum 
time of tp• 


During 
this time, 
the status 
register 
will indicate 
that the 
part is busy. 


PAGE ERASE: 
The optional 
Page Erase command 
can be 
used to individually 
erase 
any page in the main memory 
array 
allowing 
the Buffer to Main Memory 
Page Program 
without 
Built-In 
Erase 
command 
to be utilized 
at a later 
time. To perform a Page Erase, an opcode 
of 81 H must be 
loaded 
into the device, 
followed 
by two reserved 
bits, 12 
address 
bits (PA11-PAO), 
and 10 don't 
care bits. The 12 
address 
bits are used to specify which page of the memory 
array is to be erased. When a low to high transition 
occurs 
on the CS pin, the part will erase the selected 
page to 1s. 
The erase operation 
is internally 
self-timed 
and should take 
place in a maximum 
time of tpE• During this time, the status 
register will indicate that the part is busy. 


BLOCK 
ERASE: 
A block of eight pages can be erased 
at 
one time allowing 
the Buffer 
to Main 
Memory 
Page 
Pro- 
gram 
without 
Built-In 
Erase 
command 
to be utilized 
to 
reduce 
programming 
times when writing 
large amounts 
of 
data to the device. To perform a Block Erase, an opcode of 
SOH must 
be loaded 
into 
the device, 
followed 
by two 
reserved 
bits, nine address 
bits (PA 11-PA3), 
and 13 don't 
care bits. The nine address 
bits are used to specify 
which 
block of eight pages 
is to be erased. 
When 
a low to high 
transition 
occurs 
on the CS pin, the part 
will 
erase 
the 
selected 
block of eight pages to 1s. The erase operation 
is 
internally 
self-timed 
and should 
take place in a maximum 
time of tBE• During this time, the status register will indicate 
that the part is busy. 


PAll 
PAlO 
PA9 
PAS 
PA7 
PA6 
PAS 
. PA4 
PA3 
PA2 
PAl 
PAO 
Block 


0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
X 
X 
0 


0 
0 
0 
0 
0 
0 
0 
0 
1 
X 
X 
X 
1 


0 
0 
0 
0 
0 
0 
0 
1 
0 
X 
X 
X 
2 


0 
0 
0 
0 
0 
0 
0 
1 
1 
X 
X 
X 
3 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
1 
1 
1 
1 
1 
1 
1 
0 
0 
X 
X 
X 
508 


1 
1 
1 
1 
1 
1 
1 
0 
1 
X 
X 
X 
509 


1 
1 
1 
1 
1 
1 
1 
1 
0 
X 
X 
X 
510 


1 
1 
1 
1 
1 
1 
1 
1 
1 
X 
X 
X 
511 


MAIN 
MEMORY 
PAGE PROGRAM: 
This 
operation 
is a 


combination 
of the Buffer Write and Buffer to Main Memory 


Page Program 
with Built-In 
Erase operations. 
Data is first 


shifted into buffer 1 or buffer 2 from the 81 pin and then pro- 
grammed 
into a specified 
page in the main memory. 
An 8- 


bit opcode, 
82H for buffer 1 or 85H for buffer 2, is followed 


by the two reserved 
bits and 22 address 
bits. The 12 most 


significant 
address 
bits (PA1l-PAO) 
select the page in the 


main memory 
where 
data is to be written, 
and the next 10 


address 
bits (BFA9-BFAO) 
select the first byte in the buffer 


to be written. 
After all address 
bits are shifted 
in, the part 


will take data from the 81 pin and store it in one of the data 
buffers. 
If the end of the buffer 
is reached, 
the device 
will 


wrap 
around 
back 
to the beginning 
of the buffer. 
When 


there is a low to high transition 
on the C8 pin, the part will 


first erase the selected 
page in main memory 
to all 1sand 


then program 
the data stored in the buffer into the specified 


page in the main memory. 
Both the erase and the program- 


ming of the page are internally 
self timed and should take 


place in a maximum 
of time tEp• During this time, the status 


register will indicate 
that the part is busy. 


AUTO PAGE REWRITE: 
This mode is only needed if multi- 


ple bytes within a page or multiple 
pages of data are modi- 


fied in a random fashion. 
This mode is a combination 
of two 


operations: 
Main 
Memory 
Page 
to Buffer 
Transfer 
and 


Buffer to Main Memory 
Page Program 
with Built-In 
Erase. 
A page of data is first transferred 
from the main memory to 


buffer 1 or buffer 2, and then the same data (from buffer 1 
or buffer 
2) is programmed 
back 
into its original 
page of 


main memory. 
An 8-bit opcode, 
58H for buffer 1 or 59H for 


buffer 2, is followed 
by the two reserved 
bits, 12 address 


bits (PA11-PAO) 
that specify 
the page in main memory 
to 


be rewritten, 
and 10 additional 
don't care bits. When a low 


to high transition 
occurs 
on the C8 pin, the part will first 
transfer data from the page in main memory to a buffer and 
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then program 
the data from the buffer back into same page 


of main memory. 
The operation 
is internally 
self-timed 
and 


should 
take 
place 
in a maximum 
time of tEP' 
During 
this 


time, the status register will indicate that the part is busy. 


If a sector 
is programmed 
or reprogrammed 
sequentially 


page by page, then the programming 
algorithm 
shown 
in 


Figure 1 is recommended. 
Otherwise, 
if multiple 
bytes in a 


page or several pages are programmed 
randomly 
in a sec- 


tor, then the programming 
algorithm 
shown 
in Figure 
2 is 


recommended. 


STATUS 
REGISTER: 
The status 
register 
can be used to 


determine 
the device's 
ready/busy 
status, 
the result 
of a 


Main Memory 
Page to Buffer 
Compare 
operation, 
or the 


device 
density. 
To read the status 
register, 
an opcode 
of 


57H must be loaded into the device. After the last bit of the 
opcode 
is shifted 
in, the eight bits of the status 
register, 


starting 
with the M8B (bit 7), will be shifted 
out on the 80 


pin during the next eight clock cycles. The five most-signifi- 
cant bits of the status 
register 
will contain 
device 
informa- 
tion, 
while 
the remaining 
three 
least-significant 
bits are 


reserved 
for future 
use and will have 
undefined 
values. 


After 
bit 0 of the status 
register 
has been shifted 
out, the 


sequence 
will repeat itself (as long as C8 remains 
low and 


8CK is being toggled) 
starting again with bit 7. The data in 


the status register is constantly 
updated, 
so each repeating 


sequence 
will output new data. 


Ready/busy 
status is indicated 
using bit 7 of the status reg- 
ister. If bit 7 is a 1, then the device is not busy and is ready 
to accept the next command. 
If bit 7 is a 0, then the device 


is in a busy state. The user can continuously 
poll bit 7 of the 


status register by stopping 
8CK once bit 7 has been output. 


The status of bit 7 will continue 
to be output on the 80 
pin, 


and once the device 
is no longer busy, the state of 80 
will 


change 
from 0 to 1. There are eight operations 
which can 


• 


cause the device to be in a busy state: Main Memory 
Page 
to Buffer Transfer, 
Main Memory 
Page to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, 
Buffer 
to Main 
Memory 
Page 
Program 
without 
Built-In 
Erase, Page Erase, Block Erase, Main Memory 
Page Pro- 
gram, and Auto Page Rewrite. 


The result of the most recent Main Memory 
Page to Buffer 
Compare 
operation 
is indicated 
using 
bit 6 of the status 
register. 
If bit 6 is a 0, then the data in the main memory 
page matches 
the data in the buffer. 
If bit 6 is a 1, then at 
least one bit of the data in the main memory 
page does not 
match the data in the buffer. 


The device density 
is indicated 
using bits 5, 4, and 3 of the 
status 
register. 
For the AT45D161, 
the three bits are 1, 0, 
and 1. The decimal 
value 
of these 
three 
binary 
bits does 
not equate to the device density; 
the three bits represent 
a 
combinational 
code relating 
to differing 
densities 
of Serial 
DataFlash 
devices, 
allowing a total of eight different density 
configurations. 


Read/Program Mode Summary 
The modes 
listed above can be separated 
into two groups 
- 
modes 
which 
make 
use of the flash 
memory 
array 
(Group 
A) and modes 
which do not make use of the flash 
memory 
array (Group B). 


Group A modes consist of: 


1. 
Main Memory 
Page Read 


2. 
Main Memory 
Page to Buffer 1 (or 2) Transfer 


3. 
Main Memory 
Page to Buffer 1 (or 2) Compare 


4. 
Buffer 1 (or 2) to Main Memory 
Page Program With 
Built-In Erase 


5. 
Buffer 1 (or 2) to Main Memory 
Page Program With- 
out Built-In Erase 


6. 
Page Erase 


7. 
Block Erase 


8. 
Main Memory 
Page Program 


9. 
Auto Page Rewrite 


Group B modes consist of: 


1. 
Buffer 1 (or 2) Read 


2. 
Buffer 1 (or 2) Write 


3. 
Status Register 
Read 


If a Group A mode is in progress 
(not fully completed) 
then 
another 
mode in Group A should 
not be started. 
However, 
during 
this time in which 
a Group 
A mode is in progress, 
modes in Group B can be started. 
Status Register Format 
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This 
gives 
the 
Serial 
DataFlash 
the 
ability 
to virtually 
accommodate 
a continuous 
data 
stream. 
While 
data 
is 
being programmed 
into main memory 
from buffer 
1, data 
can be loaded into buffer 2 (or vice versa). 
See application 
note AN-4 
("Using 
Atmel's 
Serial 
DataFlash") 
for more 
details. 


HARDWARE 
PAGE WRITE 
PROTECT: 
If the WP pin is 
held low, the first 256 pages of the main memory cannot be 
reprogrammed. 
The only way to reprogram 
the first 
256 
pages is to first drive the protect pin high and then use the 
program 
commands 
previously 
mentioned. 
The WP pin is 
internally 
pulled high; therefore, 
connection 
of the WP pin is 
not necessary 
if this 
pin and feature 
will not be utilized. 


However, 
it is recommended 
that the WP pin be driven high 
externally 
whenever 
possible. 


RESET: A low state on the reset pin (RESET) 
will terminate 
the 
operation 
in progress 
and 
reset 
the 
internal 
state 
machine to an idle state. The device will remain in the reset 
condition 
as long as a low level is present 
on the RESET 
pin. Normal 
operation 
can resume 
once the RESET 
pin is 
brought back to a high level. 


The device 
incorporates 
an internal 
power-on 
reset circuit, 


so there 
are 
no restrictions 
on the 
RESET 
pin during 
power-on 
sequences. 
The 
RESET 
pin is also 
internally 
pulled high; therefore, 
connection 
of the RESET 
pin is not 
necessary 
if this pin and feature 
will not be utilized. 
How- 
ever, it is recommended 
that the RESET pin be driven high 
externally 
whenever 
possible. 


READY/BUSY: 
This open drain 
output 
pin will be driven 
low when the device is busy in an intemally 
self-timed 
oper- 
ation. This pin, which is normally 
in a high state (through 
an 
external 
pull-up resistor), 
will be pulled low during program- 
ming operations, 
compare 
operations, 
and during page-to- 
buffer transfers. 


The busy status indicates 
that the Flash memory 
array and 
one of the buffers 
cannot 
be accessed; 
read 
and write 
operations 
to the other buffer can still be performed. 


Power On/Reset 
State 


When power is first applied to the device, or when recover- 
ing from 
a reset condition, 
the device 
will default 
to SPI 
mode 3. In addition, 
the SO pin will be in a high impedance 
state, 
and a high to low transition 
on the CS pin will be 
required 
to start a valid instruction. 
The SPI mode will be 
automatically 
selected 
on every falling edge of CS by sam- 
pling the inactive clock state. 


Bit? 


RDY/BUSY 


Bit 6 


COMP 


"NOTICE: 
Stresses 
beyond 
those 
listed under 
"Absolute 


Maximum 
Ratings" 
may cause 
permanent 
dam- 
age to the device. 
This is a stress 
rating only and 


functional 
operation 
of the device 
at these or any 
other 
conditions 
beyond 
those 
indicated 
in the 


operational 
sections 
of this specification 
is not 


implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


All Input Voltages 
(including 
NC Pins) 
with Respect 
to Ground 
-0.6V to +6.25V 


All Output 
Voltages 
with Respect 
to Ground 
-0.6V to Vcc + 0.6V 


AT45D161 


Operating 
Temperature 
I Com. 
O°C to 70°C 


(Case) 
I Ind. 
-40°C 
to 85°C 


Vcc Power 
Supply(l) 
4.5V to 5.5V 


Notes: 
1. 
After 
power 
is applied 
and Vcc is at the minimum 
specified 
data sheet value. 
the system 
should 
wait 20 ms before 
an oper- 
ational 
mode 
is started. 
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Symbol 
Parameter 
Condition 
Mln 
Typ 
Max 
Units 


ISB 
Standby Current 
CS. RESET. WP = V'H. all inputs at 
10 
20 
IJA 
CMOS levels 


ICe1 
Active Current. Read Operation 
f = 15 MHz; lOUT= 0 mA; Vcc = 5.5V 
15 
25 
mA 


Icc2 
Active Current. Program/Erase 
Vcc = 5.5V 
25 
50 
mA 
Operation 


III 
Input Load Current 
V'N = CMOS levels 
10 
IJA 


ILO 
Output Leakage Current 
V'IO= CMOS levels 
10 
IJA 


V'L 
Input Low Voltage 
0.8 
V 


V'H 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
IOL= 2.1 mA 
0.45 
V 


VOH1 
Output High Vollage 
IOH= ·400 IJA 
2.4 
V 


VOH2 
Output High Vollage 
IOH= -100 IJA; Vcc = 4.5V 
4.2 
V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


fSCK 
SCK Frequency 
15 
MHz 


tWH 
SCK High Time 
30 
ns 


tWL 
SCK Low Time 
30 
ns 


les 
Minimum CS High Time 
250 
ns 


less 
CS Setup Time 
250 
ns 


leSH 
CS Hold Time 
250 
ns 


leSB 
CS High to ROY/BUSY Low 
200 
ns 


tsu 
Data In Setup Time 
10 
ns 


tH 
Data In Hold Time 
15 
ns 


tHO 
Output Hold Time 
0 
ns 


to,s 
Output Disable Time 
20 
ns 


tv 
Output Valid 
25 
ns 


tXFA 
Page to Buffer Transfer/Compare Time 
250 
350 
IJs 


tEP 
Page Erase and Programming Time 
10 
20 
ms 


tp 
Page Programming Time 
7 
15 
ms 


tpE 
Page Erase Time 
6 
10 
ms 


tBE 
Block Erase Time 
7 
15 
ms 


tAST 
RESET Pulse Width 
10 
IJs 


tAEC 
RESET Recovery Time 
1 
IJs 


AC 
2. 


4V=X:=0 
AC 
DRIVING< 
. 
MEASUREMENT 


LEVELS 
0.45V 
0.8 
LEVEL 


AC Waveforms 


Two different 
timing diagrams 
are shown below. Waveform 


1 shows the SCK signal being low when CS makes a high- 
to-low 
transition, 
and Waveform 
2 shows 
the SCK signal 


being 
high when 
CS makes 
a high-to-low 
transition. 
Both 


waveforms 
show valid timing diagrams. 
The setup and hold 


times 
for the SI signal 
are referenced 
to the low-to-high 


transition 
on the SCK signal. 


Waveform 
1 shows liming that is also compatible 
with SPI 


Mode 0, and Waveform 
2 shows 
liming 
that is compatible 


with SPI Mode 3. 


tV 
HIGHZ 
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CS ~--------------~rr~--- 


tREC 
-~ 
'I' 
" 
tCSS 


SCK 
"'SlSUl ~xxxxbo 
IlSLn- 


_______________ 
1--, 
tRST-i~------ 
RESET 
"k 
1'1 


MSB ~ 
r r X X 
X X X X 
L.(' 


Reserved 
for 


larger densities 


I 
Page Address 


(PAl1-PAO) 


I 
Byte/Buffer 
Address 


(BA9-BAO/BFA9-BFAO) 


x X X X 
X X X X .- 
LSB 
I 


1. 
or" designates 
bits reserved 
for larger 
densities. 


2. 
It is recommended 
that "r" be a logical 
"0' for densities 
of 16M bit or smaller. 


3. 
For densities 
larger than 16M bit, the or" bits become 
the most significant 
Page Address 
bit for the appropriate 
density. 


Write Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various write sequences 
available. 


. Completes writing into selected buffer 
. Starts self-timed erase/program 
operation 
~r- 
C5~ 


51 XXXX 
CMD 
Xrr. PA11'6>tA5'O.BFA9-~BFA7·0X 
"__X 
"+1 >e... ::x La.lByleXXX 
X 


. Completes writing into selected buffer 
~r- 


Buffer to Main Memory Page Program 
(Data from Buffer Programmed 
into Flash Page) 


C5~ 


51 XXXX 
CMD 


Starts self-timed erase/program 
operation 


~~ 


Xrr. PA11.6XPA5.0.XXX 
X 
XXXX 


Each transition 
represents 
~ 
8 bits and 8 clock 
cycles 
~ 


n = 1st byte read 


n+ 1 = 2nd byte read 
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Read Operations 


The following 
block diagram 
and waveforms 
illustrate 
the various read sequences 
available. 


Main Memory 
Page Read 


cs~~ 
~~ 


CS~ 
SIZZZ>( 
CMD 


Starts 
reading 
page 
data 
into buffer 
---......~ 


Xrr,PA11.6XPAS.O,xxX 
X 
><ZZZ 


Each transition represents ~ 


8 bits and 8 clock cycles ~ 


n = 1st byte written 
n+1 = 2nd byte written 


Detailed Bit-Level Read Timing - Inactive Clock Polarity Low 


Main Memory Page Read 
cs~ 
~r- 


, 
0 
••• ~xzzxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
MSB 


Buffer Read 


cs~~ 
r- 


, 
0 
••• ~~x:xxxxx 


HIGH-IMPEDANCE 
D TA OUT 
SO -------------------------- 
07 
06 
05 
MSB 


Status Register Read 
cs~ 
r 


I 
STATUS REGISTER OUTPUT 
SO 
H_IG_H-_IM_P_E_D_A_N_C_E 
~ 
••• 
~ 


MSB 
LSB 
MSB 
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Detailed Bit-Level Read Timing -Inactive 
Clock Polarity High 


Main Memory Page Read 


cs ~~ 
~r- 


o 
, 
0 
••• ~xxxxxxxxx 


tV~ 
HIGH-IMPEDANCE 
DATA OUT 
07 
06 
05 
04 
MSB 


Buffer Read 


cs~ 
r- 


o 
, 
0 
••• ~xxxxxxxxx 


HIGH-IMPEDANCE 
tV 
r- 
DATA OUT 
SO------------------------~ 
MSB 


Status Register Read 


cs~'- 
~r 


Main Memory 
Main Memory 
Main Memory 
Main Memory 


Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 


Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


52H 
54H 
56H 
53H 
55H 
60H 
61H 
84H 
87H 


0 
0 
0 
0 
0 
0 
0 
1 
I 


1 
1 
1 
1 
I 
1 
1 
0 
0 
0 
0 
0 
0 
0 
I 
1 
0 
0 


1 
I 
1 
1 
I 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
I 
1 
0 
I 
0 
0 
I 
I 


1 
0 
1 
1 
0 
0 
0 
0 
I 
0 
0 
0 
1 
1 
0 
I 
0 
I 


r 
X 
X 
r 
r 
r 
r 
X 
X 


r 
X 
X 
r 
r 
r 
r 
X 
X 


PAll 
X 
X 
PAll 
PAll 
PAll 
PAll 
X 
X 


PAlO 
X 
X 
PAlO 
PAlO 
PAlO 
PAlO 
X 
X 


PA9 
X 
X 
PA9 
PA9 
PA9 
PA9 
X 
X 


PA8 
X 
X 
PA8 
PA8 
PA8 
PA8 
X 
X 


PA7 
X 
X 
PA7 
PA7 
PA7 
PA7 
X 
X 


PA6 
X 
X 
PA6 
PA6 
PA6 
PA6 
X 
X 


PA5 
X 
X 
PA5 
PA5 
PA5 
PA5 
X 
X 


PM 
X 
X 
PM 
PM 
PM 
PA4 
X 
X 


PA3 
X 
X 
PA3 
PA3 
PA3 
PA3 
X 
X 


PA2 
X 
X 
PA2 
PA2 
PA2 
PA2 
X 
X 


PAl 
X 
X 
PAl 
PAl 
PAl 
PAl 
X 
X 


PAO 
X 
X 
PAO 
PAO 
PAO 
PAO 
X 
X 


BA9 
BFA9 
BFA9 
X 
X 
X 
X 
BFA9 
BFA9 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFA6 
X 
X 
X 
X 
BFA6 
BFA6 


BA5 
BFA5 
BFA5 
X 
X 
X 
X 
BFA5 
BFA5 


BA4 
BFM 
BFM 
X 
X 
X 
X 
BFA4 
BFM 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAI 
BFAI 
BFAI 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 


X 
X 
X 
X (Don't 
Care) 
X 
X 
X 
r (reserved 
bits) 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 


X (64th bit) 
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Buffer 110 
Buffer2to 
Buffer 1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Auto 
Auto 
Page 
Page 
Program 
Program 
Page 
Page 
Page 
Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built 
with Buln- 
Built-In 
Built-In 
Page 
Block 
Through 
Through 
Through 
Through 
Status 
In Erase 
In Erase 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 


Opcode 


83H 
86H 
88H 
89H 
81H 
50H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
1 


0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 


0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
1 
0 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 


PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 
PAll 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 


PM 
PM 
PM 
PA4 
PM 
PM 
PM 
PM 
PM 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
X 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
X 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
X 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
X 
X 
BFA9 
BFA9 
X 
X 


X 
X 
X 
X 
X 
X 
BFAS 
BFAS 
X 
X 


X 
X 
X 
X 
X 
X 
BFA7 
BFA7 
X 
X 


X 
X 
X 
X 
X 
X 
BFA6 
BFA6 
X 
X 


X 
X 
X 
X 
X 
X 
BFA5 
BFA5 
X 
X 


X 
X 
X 
X 
X 
X 
BFM 
BFM 
X 
X 


X 
X 
X 
X 
X 
X 
BFA3 
BFA3 
X 
X 


X 
X 
X 
X 
X 
X 
BFA2 
BFA2 
X 
X 


X 
X 
X 
X 
X 
X 
BFAl 
BFAl 
X 
X 


X 
X 
X 
X 
X 
X 
BFAO 
BFAO 
X 
X 


X (Don't 
Care) 


r (reserved 
bits) 


Figure 1. Algorithm 
for Programming 
or Reprogramming 
of an Entire Sector Sequentially 


START 
provide address 
and data 


MAIN MEMORY PAGE PROGRAM 


(82H,8SH) 


BUFFER WRITE 


(84H,87H) 


BUFFER to MAIN 
MEMORY PAGE PROGRAM 


(83H,86H) 


Notes: 
1. 
This type of algorithm is used for applications in which an entire sector is programmed sequentially, filling the sector page- 
by-page. 


2. 
A page can be written using either a Main Memory Page Program operation or a Buffer Write operation followed by a Buffer 
to Main Memory Page Program operation. 


3. 
The algorithm above shows the programming of a single page. The algorithm will be repeated sequentially for each page 
within the entire sector. 
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III 


MAIN MEMORY PAGE 


10BUFFER TRANSFER 


(53H.55H) 


AlmEl 


} 


If planning to modify multiple 


bytes currently stored within 


a page 
of the 
Flash 
array 


BUFFER 10MAIN 


MEMORY PAGE PROGRAM 


(83H.86H) 


Notes: 
1. 
To preserve 
data integrity, 
each page of a DataFlash 


sector 
(256 pages 
per sector) 
must be 
updated/rewritten 
at least once within 
every 
10,000 


cumulative 
page erase/program 
operations 
within 
that sector. 


2. 
A Page Address 
Pointer 
must be maintained 
to indi- 


cate which 
page is to be rewritten. 
The Auto Page 
Rewrite 
command 
must use the address 
specified 


by the Page Address 
Pointer. 


3. 
Other 
algorithms 
can be used to rewrite 
portions 
of 
the Flash array. Low power applications 
may choose 
to wait until 10,000 
cumulative 
page erase/program 


operations 
have accumulated 
before 
rewriting 
all 


256 pages 
of the sector. 
See application 
note AN-4 


("Using 
Atmel's 
Serial 
DataFlash") 
for more details. 


PA11 
PA10 
PA9 
PA8 
Sector 


0 
0 
0 
0 
0 


0 
0 
0 
1 
1 


0 
0 
1 
0 
2 


· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 


1 
1 
0 
1 
13 


1 
1 
1 
0 
14 


1 
1 
1 
1 
15 


Icc(mA) 


fSCK (MHz) 
Active 
Standby 
Ordering 
Code 
Package 
Operation 
Range 


15 
25 
0.02 
AT45D161-JC 
32J 
Commercial 


AT45D161-RC 
28R 
(O°C to 70°C) 


AT45D161-TC 
28T 


15 
25 
0.02 
AT45D161-JI 
32J 
Industrial 


AT45D161-RI 
28R 
(-40°C 
to 85°C) 


AT45D161-TI 
28T 
• 


Package 
Type 


32J 
32-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


28R 
28-Lead, 
0.330" 
Wide, 
Plastic 
Gull Wing 
Small Outline 
(SOIC) 


28T 
28-Lead, 
Plastic 
Thin Small 
Outline 
Package 
(TSOP) 
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Using Atmel's Serial DataFlash® 


Introduction 


In the past, engineers 
have struggled 
to 


use 
Flash 
memory 
for 
data 
storage 


applications. 
The traditional 
Flash mem- 


ory devices, 
with their large page sizes 


of 4K to 128K bytes, 
make 
it difficult 
to 


change 
a few bytes. 
Typically, 
system 


designers 
must 
include 
external 
RAM 


buffers 
to shadow 
the 
Flash 
memory 
page's contents 
to make the data modifi- 
cations. 


Atmel's 
Serial DataFlash 
is a new Flash 


family designed 
specifically 
for data stor- 


age applications. 
Its small 
page size of 


264 
bytes 
for 
densities 
of 
8M 
and 


smaller, 
provides 
the system 
designer 


with a high level 
of flexibility 
and com- 


pletely 
simplifies 
the 
process 
of data 


modifications. 
Furthermore, 
the Serial 


DataFlash 
incorporates 
a simple 
serial 


interface 
which facilitates 
hardware 
lay- 
out, 
increases 
system 
reliability, 
and 


minimizes 
switching 
noise. 


The Serial 
DataFlash 
is perfectly 
suited 


for digital 
voice-, 
image-, 
and data-stor- 
age applications, 
especially 
where 
low 


power consumption 
is required. 
In these 


storage 
applications, 
the 
Serial 


DataFlash's 
small 
page 
size 
not only 
makes 
it easier 
to manipulate 
data, 
it 
also 
increases 
storage 
efficiency. 
The 
list below 
shows 
some 
typical 
applica- 
tions for the Serial DataFlash. 


Digital Voice Storage Applications: 


• 
Digital answering 
machines 


• 
Voice memo functions 
in cellular 
phones 


• 
Voice storage in pagers 


• 
Portable voice memo recorders 


• 
Portable dictation 
recorders 


Image Storage Applications: 


• 
Image storage for digital cameras 


• 
Scanned 
fax storage for delayed fax 
sending/receiving 


Data Storage Applications: 


• 
"Saved game and high score" data for 
video game systems 


• 
Phone number and text message 
storage in pagers 


• 
Data storage 
in PDAs 


• 
Data acquisition 
systems 
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Functional 
Description 


The block 
diagram 
of Atmel's 
Serial 
OataFlash 
memory 
shows 
that the device 
consists 
of a Flash memory 
array, 
two data 
buffers, 
and a simple 
I/O interface 
(Figure 
1). 
Unlike conventional 
Flash memories 
that are accessed 
ran- 
domly with multiple 
address 
lines and a parallel 
interface, 


Figure 
1. Atmel's AT450041 
Serial OataFlash 
consists 
of a Flash memory array, two buffers, and a simple I/O interface. 


the Serial OataFlash 
uses a serial interface 
to sequentially 
access 
its data. The serial interface, 
used to transfer 
both 
address 
and 
data 
information, 
provides 
a true 
upgrade/downgrade 
path 


FLASH MEMORY ARRAY 
ET--+ 
(2048 EQUAL 
LENGTH 
PAGES) 


------------------------------------------------ 
__________________ 
~~~~J2~~~TE~l 
__________________ 
I I 


BUFFER 
1 (264 BYTES) 
I I 
I I 
BUFFER 
2 (264 BYTES) 
I 


~ 
t 
I 
I 
t 
~ 
SCK 
CS 


VCC 
GNO 
t 
119 INTERFACE I 


SI 
so 


Serial DataFlash Array 


The Flash memory 
array of the AT 450041, 
the first device 
in the Serial OataFlash 
family, comprises 
2048 equal length 
pages. The AT 450041 's page size is 264 bytes, rather than 
256 bytes. Therefore, 
the total density 
(4,325,376 
bits) of 
the device is 128K bits larger than 4M bits. 


System 
designers 
can use all of a page's 
264 bytes 
for 
storing 
data. Alternatively, 
the 8 extra bytes per page can 
be used for error 
detection 
and correction 
mechanisms 
(EOC) or associated 
control 
information, 
such as pointers, 
flags, and phone message 
routing directions. 
This informa- 
tion, which is potentially 
vital to the operation 
of the system, 
can be used by the microcontroller 
or processor 
to deter- 
mine how to utilize 
the data stored 
within 
the associated 
page. 


For example, 
in a digital 
voice 
messaging 
system, 
the 
AT450041 
pages 
store the compressed 
data of digitized 
voice messages. 
A page's control information 
could contain 
a mailbox 
number 
indicating 
which 
user can access 
the 
voice 
message 
stored 
within 
that page. Additionally, 
the 
system could set a priority level flag to denote that the mes- 
sage is urgent. 
If the message 
spans more than one Flash 
page, the system can store a pointer to indicate which page 
contains 
the next portion of the message. 
The extra 8 bytes 
of each AT450041 
page provides 
an area to store this type 


of control 
information, 
greatly 
enhancing 
the capability 
of 
the system. 


The device 
also provides 
the ability to securely 
store criti- 
cal, infrequently 
updated 
information 
via the Write 
Protect 
pin (WP). When WP is held low, the first 256 pages of the 
array 
are protected 
and cannot 
be programmed. 
Infre- 
quently updated 
information, 
from the digital voice messag- 
ing example 
described 
above, 
could be user identification 
or parameters 
such 
as the permitted 
message 
length, 
a 
message's 
retention 
period, 
and the number 
of messages 
a particular 
user can have. The protected 
area could also 
be used to store information 
such as voice menu prompts, 
time/date 
information, 
secure 
data or coefficient 
look-up 
tables. 


Data Buffers 
Increase Performance 
The AT 450041 
incorporates 
two on-chip, 
bi-directional 
buffers to expedite 
the flow of data to and from the device. 


These 
buffers 
provide 
a built-in 
"pseudo" 
cache 
memory 
and allow 
the AT 450041 
device 
to receive 
data 
during 
erase/program 
operations. 
Each buffer 
is 264 bytes long, 
the same size as a Flash page, and function 
independently 
from each other. The system may also use the data buffers 
as "scratch 
pad" memory 
for reads and writes. 
Therefore, 
these 
on-chip 
buffers 
may eliminate 
the need to use off- 


chip RAM or RAM contained 
within 
the microcontroller 
or 
processor. 


The 
AT45D041's 
buffers 
are static 
RAMs 
(SRAM) 
and 
therefore, 
data stored within the buffers is not guaranteed 
if 
the supply 
voltage 
drops 
below 
the specified 
minimum 
operating 
level. 
However, 
the buffers' 
static 
nature 
elimi- 
nates the need for refreshing, 
and data will not change 
until 
new data 
is loaded 
into the buffers. 
When 
loading 
new 
data, 
only 
those 
bytes 
specified 
to be overwritten 
will 
change; 
the remaining 
bytes are unaffected. 
For example, 


if the user loads only 200 bytes into a buffer, the remaining 
64 bytes will still retain their previous 
values. 


Serial Interface Simplifies Upgradability 
The sequential 
access, 
serial interface 
scheme 
employed 
through 
the Serial DataFlash's 
pinout enables 
a practically 
limit-free 
upgrade 
path for either 
density 
or word-width. 


Conventional 
random access, 
parallel interface 
Flash must 
use dedicated 
address 
pins 
to interface 
to the system 
microcontroller 
or processor. 
As density 
requirements 
increase, 
address 
lines must be added, 
in turn increasing 
the number 
of pins and the size of the device's 
package. 


Likewise, 
a parallel 
interface 
Flash requires 
dedicated 
110 
pins, and as word-widths 
increase 
to 16 or 32 bits, I/O pins 
must be added, again impacting 
the package's 
size. 


The Serial 
DataFlash 
interfaces 
with other devices 
using 
only seven signal leads, three of which are dedicated 
to the 
serial 
bus (SCK, SI, and SO). The remaining 
signal 
leads 
on the Serial 
DataFlash 
include 
a chip select 
(CS), 
chip 
reset 
input 
(RESET), 
a write 
protect 
input 
(WP), 
and a 
ready/busy 
output (RDY/BUSY). 


Functional 
Operation 
of the SPI 


The Serial 
DataFlash 
can be used with any type of micro- 
controller, 
but the interface 
of the device is also compatible 


with SPI modes 0 and 3 to provide simple interconnections 
with the increasingly 
popular SPI microcontrollers. 


SPI is a serial interface protocol, 
utilizing B-bit words, useful 
in communicating 
with 
external 
devices 
such 
as serial 
EEPROMs 
and the Serial DataFlash. 
Prior to the availabil- 


ity of SPI EEPROMs, 
engineers 
used the standard 
Microw- 


ire 
EEPROMs 
to 
interface 
with 
the 
SPI 
port 
on 
microcontrollers. 
While 
the SPI port on microcontrollers 
was capable 
of running 
at 2.1 MHz, it was limited 
by the 
EEPROM's 
1 MHz operating 
rate. It wasn't 
until recently 
that EEPROMs, 
such as Atmel's 
AT25010/020/040 
Serial 
CMOS EEPROMs, 
became available 
with the SPI standard 
interface. 
Due to SPI's 
faster 
clock 
speed 
and interface 
compatibility, 
this EEPROM 
device is increasing 
in popular- 


ity; the same applies to the Serial DataFlash. 


Controlling Data Flow 


The 
Serial 
Data 
Clock 
(SCK) 
input 
pin 
of the 
Serial 
• 
DataFlash 
must be generated 
by the master 
microcontrol- 
~ 
ler or processor, 
or in some instances 
a free-running 
oscil- 


lator. All programming 
cycles 
in the Serial 
DataFlash 
are 
completely 
self-timed, 
so the SCK signal only controls 
the 
clocking of data into and out of the device. 


The CS pin on the Serial DataFlash 
functions 
the same as 
that of a chip select pin on any memory 
device. 
Driving CS 
LOW selects 
the device; 
driving 
CS HIGH deselects 
the 
device 
and puts the device 
into a quiescent 
state. 
When 
CS is deselected, 
the Serial 
DataFlash 
ignores 
any data 
present 
on the Serial 
Data 
Input 
(SI) pin, and the Serial 
Data Output 
(SO) pin remains 
in a high-impedance 
state. 


The CS pin also functions 
as a trigger to initiate the internal 
self-timed 
read and write sequences. 
The specifics for each 
sequence 
and how CS relates to them are discussed 
in the 
"Read 
Operations" 
and "Program 
Operations" 
section 
of 


the application 
note. 


Maximum Bus Speed 
10 MHz 


Number of Active Pins 
30r4 


Maximum Memory Size 
N/A 


Data Size 
8 bits 


Block Write Capability 
Yes 


Sequential Read Capability 
Yes 


Number of Devices on Bus 
Limited by Port Pins 


Supported SPI Modes 
o and 3 
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SPIMASTER 
CONFIGURATION 
BITS 


CPOL 
CPHA 
SPI MODE 


0 
0 
0 


0 
1 
1 


0 
2 


1 
1 
3 


SCK 
1"1 r-! 
r 


w 
'1 il 
__ 
...I 
L...l 
L..J L.J 
1-.--.__ 


Note: 
The shifting out of data does not occur on the falling edge of the same clock cycle as data shifting in, but rather the falling edge 
of the next clock cycle" 


SPI Operating Modes 
SPI has four operating 
modes: 0, 1,2, and 3. The SPI oper- 
ating 
mode 
determines 
the clock 
phase 
and polarity 
for 
transmitting 
or receiving 
data. 
In other 
words, 
the mode 
determines 
which 
edge 
of the clock 
signal 
controls 
the 
direction 
of data transfer 
(Figure 2). 


The Serial 
DataFlash 
only supports 
the most commonly 
used 
SPI modes, 
0 and 3. With these 
modes, 
the rising 
edge of the SCK signal always clocks data in, while the fail- 
ing edge always 
clocks data out. Supporting 
only modes 0 
and 3 eliminates 
the need to integrate 
special mode select 
registers 
within the Serial 
DataFlash. 
Examining 
the clock 
waveforms 
in Figure 2, observe that the difference 
between 
modes 
0 and 3 is the level where 
SCK starts. 
When 
the 
Serial DataFlash 
sees a rising edge transition 
on SCK, this 
is the indication 
to latch data in. As long as the designer 
fol- 
lows these clock signal conventions, 
any type of microcon- 
troller or processor 
may be used as the SPI master - 
the 
Serial DataFlash 
is not limited to interfacing 
with SPI-com- 
patible devices. 


Table 2. SPI Control 
Register 


AT89S8252 Microcontroller, 
SPI Control Register: SFR Address D5H 


Interfacing the Serial DataFlash to a 
Microcontroller 
Atmel's 
AT89S8252 
is an MCS-51 
compatible 
microcon- 


troller 
with a Serial 
Peripheral 
Interface. 
It supports 
full- 
duplex, 
3-wire 
synchronous 
data transfer 
with a 6 MHz 
maximum 
bit frequency. 
By enabling 
the AT89S8252's 
SPI 
feature, 
port 
1 pins 
P1.5-P1.7 
can be connected 
to the 
Serial DataFlash" 
This microcontroller 
contains 
a series of 
Special 
Function 
Registers 
(SFRs). 
Among 
these SFRs is 
the 
SPI Control 
Register 
located 
at SFR 
address 
D5H 
(Table 
2). Bits CPOL 
and CPHA 
control 
the SPI mode, 


while bits SPRO and SPR1 control the data rate (Table 3). 


SPRO 


o 


Symbol 
Function 


SPIE 
SPI Interrupt 
Enable 


SPI Enable: 


SPE 
SPI = 1 enables 
the SPI channel 
and connects 
SS, MOSI, 
and SC to pins P1.4-P1.7 


SPI = 0 disables 
the SPI channel 


DORD 
Data Order 


MSTR 
Master/Slave 
Select 


Clock 
Polarity: 


CPOL 
CPOL = 1, SCK is high when 
idle 


CPOL = 0, SCK of the master 
device 
is low when 
not transmitting 


CPHA 
Clock 
Phase. 
The CPHA 
bit, together 
with the CPOL 
bit, controls 
the clock and data relationship 
between 
master 
and 
slave 


SPRO 
SPI Clock 
Rate Select 
SPR1 
• 


vcc 
110~F 


P3.OIRXD 
P3.1fTXD 
P3.21fN'fO 
P3.3111'm 
P3.4fTO 
P3.5fTl 


Alternatively, 
any microcontroller 
with 
individually 
con- 
trolled 
port pins can provide 
the proper serial interface 
for 
the 
Serial 
DataFlash. 
As shown 
in Figure 
3, Atmel's 
AT89CXX 
can be connected 
to the Serial 
DataFlash. 
The 
microcontroller 
can clock data into the Serial DataFlash 
at 
rates up to 10 MHz; whereas 
the limit on a strict SPI imple- 
mentation 
is only 2.1 MHz. 
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The Reset Function 


The Serial DataFlash 
has a reset function 
that causes 
any 


operation 
currently 
in progress 
to be terminated 
and forces 
the device's 
internal 
state machine 
into an idle state. The 
reset function 
is activated 
by holding 
the device's 
RESET 
pin LOW. This feature can be used as a safeguard 
against 
system 
power glitches 
or when the system 
supply 
monitor 


circuitry 
detects 
the supply 
voltage 
going 
below the mini- 


mum operating 
limit. Resetting 
the Serial DataFlash 
during 
these operating 
conditions 
prevents 
any erroneous 
opera- 


tions which 
could result in data corruption 
(for more infor- 
mation see section on "Write Protection 
Mechanisms"). 


If the Serial 
DataFlash 
is reset before the completion 
of a 
page program/erase 
operation, 
then the data in the page 
being 
programmed 
or erased 
cannot 
be guaranteed; 
the 
Serial 
DataFlash 
must finish 
the entire operation 
in order 
for all data in the page to be valid. 
If the user wants 
to 
ensure that a valid program/erase 
operation 
has been per- 
formed 
before 
resetting 
the device, 
then the system 
must 
either wait the maximum 
tEP or tp time, poll the RDY/BUSY 
pin, or poll the status register 
(see section 
on "Status 
Reg- 


ister") 
to determine 
the completion 
of the program/erase 
operation. 


If the system 
must service a higher level interrupt 
and must 
reset the Serial DataFlash 
before the completion 
of the pro- 
gram/erase 
operation, 
then the system 
can later program 
the Flash page again 
with the same 
data. 
Resetting 
the 
device will not alter the contents 
of the internal 
RAM buff- 
ers, so the buffer used to perform 
the initial program/erase 
operation 
before 
the device 
was reset will still retain 
the 
same 
data. 
Therefore, 
a simple 
Buffer 
to Main 
Memory 
Page Program with Built-In Erase command 
can be issued 
to reprogram 
the Flash page again. 


The Command 
Interface 


In addition to the basic Flash memory functional 
blocks, the 
Serial DataFlash 
device consists 
of a Command 
User Inter- 
face 
(CUI) 
and a state 
machine 
that controls 
all internal 
operations. 
The CUI interfaces 
the system 
to the Serial 
DataFlash's 
internal 
state machine. 
The CUI receives 
the 
user's 
software 
commands, 
translates 
them 
into state 
machine 
operations, 
and determines 
the commands 
valid- 
ity. 


Status Register 
The state machine 
contains 
a Status Register that provides 
feedback 
on device functions 
(Table 4). To read the Status 
Register, 
begin 
by loading 
a Status 
Register 
Read com- 
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mand (opcode 
57H) into the Serial 
DataFlash. 
Next, read 
eight bits of data from the SO pin. It is not possible 
to write 
data into the Status 
Register, 
so data will be output 
after 
the last bit of the opcode 
is clocked 
into the device. 


The first bit to be output from the Status Register will be bit 
7, the most-significant 
bit (MSB). 
Valid 
data will continue 
being output 
through 
bit 3, while 
bits 2, 1, and 0 will have 
unknown 
values 
since 
they 
are reserved 
for future 
use. 


After 
bit 0 of the Status 
Register 
has been 
output, 
the 
sequence 
will repeat 
itself (as long as CS remains 
LOW) 
starting 
again with bit 7. The data in the Status Register 
is 
always 
being 
updated, 
so each 
repeating 
sequence 
will 
contain new data. 


You can use the Status 
Register 
to determine 
if the Serial 
DataFlash 
is busy or not. The part will be busy during 
a 
Main Memory 
Page to Buffer Transfer, 
Main Memory 
Page 
to Buffer Compare, 
Buffer to Main Memory 
Page Program 
with Built-In 
Erase, Buffer to Main Memory 
Page 
Program 
without 
Built-In 
Erase, Main Memory 
Page Program, 
or an 
Auto Page Rewrite operation. 
The first bit (MSB) out of the 
Status 
Register 
indicates 
the ready/busy 
status, 
which 
is 
derived 
from 
the operational 
status 
of the internal 
state 
machine. 
If this bit is a 0, the Serial DataFlash 
is busy per- 


forming 
one of the operations 
listed above; 
if this bit is a 1, 


the part is not busy and is ready to accept a new command. 
You can also use the Serial DataFlash's 
RDY/BUSY 
pin to 
determine 
the same information. 


The second bit out of the Status Register 
indicates 
the out- 


come 
of the 
most 
recent 
Main 
Memory 
Page 
to Buffer 
Compare 
operation. 
If the data in the main memory 
page 
matches 
the data in the buffer, this bit will be a 0; if at least 
one bit of the data does not match, this will be a 1. 


The next three bits out of the Status 
Register 
indicate 
the 
device 
density 
of the Serial 
DataFlash 
being 
used. 
The 
three 
bits 
represent 
a code 
relating 
to different 
Serial 
DataFlash 
densities, 
allowing a total of eight density combi- 
nations. 
Please 
refer to Table 
5 for the list of codes 
and 
densities. 


Order shifted out 
1 
2 
3 
I 
4 
I 
s 
6 
I 
7 
I 
8 


bit7 
bit6 
bitS 
I 
bit 4 
I 
bit3 
bit2 
I 
bit1 
I 
bit 0 
Status Register Bit 
ROY/BUSY 
Compare 
Density Code 
Reserved for future use 


BITS 
BIT4 
BIT3 
DEVICE 
DENSITY 


0 
0 
0 
512K 


0 
0 
1 
1M 


0 
1 
0 
2M 


0 
1 
1 
4M 


1 
0 
0 
8M 


1 
0 
1 
16M 


1 
1 
0 
32M 


1 
1 
1 
64M 


Command Table 
To begin an operation 
on the Serial DataFlash, 
the system 
Figure 
4, the four 
MSB bits are Reserved 
bits; 
bits 5-15 
• 
must send a command 
to the device. Table 6 shows the bit 
denote 
a page number; 
bits 16-24 denote 
a specific 
byte 
~ 
sequence 
to follow for each Serial DataFlash 
operation. 
All 
address 
within 
the 264-byte 
page 
or buffer. 
This 
24-bit 


operations 
(except 
for Status 
Register 
Read) start with an 
addressing 
scheme 
allows 
the system 
to address 
up to 
opcode 
followed 
by three 
address 
bytes that are clocked 
64M bytes. The four Reserved 
bits of the AT45D041 
will be 
into the Serial DataFlash. 
address 
bits for larger density 
devices 
and should 
be zero 


The three address 
bytes (24 bits) are used to address 
the 
to ensure upwards 
compatibility. 
memory 
array 
or buffers 
for the AT45D041. 
As shown 
in 


Figure 
4. Command 
Sequence 
for AT45D041 
ReadlWrite 
Operations 
(Except Status Register 
Read). 


MSB ----. 
r 
r 
r 
r X X X X 
~I 


Reserved for 


larger densities 


XXXX 
XXXX 
II 
X X X X 
X X X X .- 
LSB 
I 
I 
Page Address 


(PA10-PAO) 


I 
Byte/Buffer 
Address 


(BA8-BAO/BFA8-BFAO) 


Notes: 
1. 
"r" designates bits reserved for larger densities. 


2. 
It is recommended that "r" be a logical "0" for densities of 4M bit or smaller. 


3. 
For densities larger than 4M bit, the "r" bits become the most significant Page Address bit for the appropriate density. 
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Main Memory 
Main Memory 
Main Memory 
Main Memory 
Main Memory 
Buffer 1 
Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Page to Buffer 1 
Page to Buffer 2 
Buffer 1 
Buffer 2 
Page Read 
Read 
Read 
Transfer 
Transfer 
Compare 
Compare 
Write 
Write 


Opcode 


S2H 
S4H 
S6H 
S3H 
SSH 
60H 
61H 
84H 
87H 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
1 


r 
r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
PAlO 
r 
r 
PAlO 
PAlO 
PAlO 
PAlO 
r 
r 
PA9 
r 
r 
PA9 
PA9 
PA9 
PA9 
r 
r 
PA8 
r 
r 
PA8 
PA8 
PA8 
PA8 
r 
r 
PA7 
r 
r 
PA7 
PA7 
PA7 
PA7 
r 
r 
PAG 
r 
r 
PAG 
PA6 
PA6 
PA6 
r 
r 
PAS 
r 
r 
PAS 
PAS 
PAS 
PAS 
r 
r 
PA4 
r 
r 
PA4 
PM 
PM 
PA4 
r 
r 


PA3 
r 
r 
PA3 
PA3 
PA3 
PA3 
r 
r 


PA2 
r 
r 
PA2 
PA2 
PA2 
PA2 
r 
r 


PAl 
r 
r 
PAl 
PAl 
PAl 
PAl 
r 
r 


PAO 
r 
r 
PAO 
PAO 
PAO 
PAO 
r 
r 


BA8 
BFA8 
BFA8 
X 
X 
X 
X 
BFA8 
BFA8 


BA7 
BFA7 
BFA7 
X 
X 
X 
X 
BFA7 
BFA7 


BA6 
BFA6 
BFAG 
X 
X 
X 
X 
BFAG 
BFA6 


BAS 
BFAS 
BFAS 
X 
X 
X 
X 
BFA5 
BFA5 


BM 
BFM 
BFA4 
X 
X 
X 
X 
BFA4 
BFM 


BA3 
BFA3 
BFA3 
X 
X 
X 
X 
BFA3 
BFA3 


BA2 
BFA2 
BFA2 
X 
X 
X 
X 
BFA2 
BFA2 


BAl 
BFAl 
BFAl 
X 
X 
X 
X 
BFAl 
BFAl 


BAO 
BFAO 
BFAO 
X 
X 
X 
X 
BFAO 
BFAO 


X 
X 
X 
X (Don't 
Care) 
X 
X 
X 
r (reserved 
bits) 
X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 


X 
X 
X 
··· 
X (64th bit) 


Buffer 1 to 
Buffer2to 
Buffer 
1 to 
Buffer 2 to 
Main 
Main 
Main 
Main 
Memory 
Memory 
Main 
Main 
Memory 
Memory 
Page 
Page 
Memory 
Memory 
Page 
Page 
Program 
Program 
Page 
Page 
Auto Page 
Auto Page 
Program 
Program 
without 
without 
Program 
Program 
Rewrite 
Rewrite 
with Built-In 
with Bullt-Jn 
Built-In 
Built-In 
Through 
Through 
Through 
Through 
Status 
Erase 
Erase 
Erase 
Erase 
Buffer 1 
Buffer 2 
Buffer 1 
Buffer 2 
Register 
Opcode 


83H 
86H 
88H 
89H 
82H 
85H 
58H 
59H 
57H 


1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 


1 
1 
0 
0 
1 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
0 
1 
1 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


r 
r 
r 
r 
r 
r 
r 
r 


PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 
PAlO 


PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 
PA9 


PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 
PAS 


PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 
PA7 


PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 
PA6 


PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 
PA5 


PM 
PM 
PA4 
PA4 
PM 
PA4 
PA4 
PM 


PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 
PA3 


PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 
PA2 


PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 
PAl 


PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 
PAO 


X 
X 
X 
X 
BAS 
BAS 
X 
X 


X 
X 
X 
X 
BA7 
BA7 
X 
X 


X 
X 
X 
X 
BA6 
BA6 
X 
X 


X 
X 
X 
X 
BA5 
BA5 
X 
X 


X 
X 
X 
X 
BM 
BA4 
X 
X 


X 
X 
X 
X 
BA3 
BA3 
X 
X 


X 
X 
X 
X 
BA2 
BA2 
X 
X 


X 
X 
X 
X 
BAl 
BAl 
X 
X 


X 
X 
X 
X 
BAO 
BAO 
X 
X 


X (Don't 
Care) 


r (reserved 
bits) 
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Read Operations 
for the AT45D041 


By specifying 
the appropriate 
opcode, 
data can be read 
from the main memory 
or from either one of the two buffers 
(Figure 5). 


Main Memory Page Read 
A main memory 
read allows the user to read data directly 
from anyone 
of the 2048 pages, bypassing 
both of the data 
buffers and leaving the buffer contents 
unchanged. 
To start 
~ page rea?, the Main Memory 
Page Read command 
(52H) 


IS clocked 
Into the device, 
followed 
by four Reserved 
bits 
20 address 
bits, and 32 don't care bits. The four Reserved 
bits will 
be address 
bits used 
for future 
expansion 
and 
should 
be zero to ensure 
upwards 
compatibility. 
The 32 
don't care bits are sent to give the Serial DataFlash's 
state 
machine 
time to initialize. 


When data is read from the main memory, 
you must specify 
the pa~e. address 
and the address 
of the first byte to be 
read.wlthm 
th,e ~age. Specifying 
the page address 
requires 
11 b~ts. Speclfymg 
the first byte to be read within the page 
requires 
nine bits. While reading data from main memory, 
if 
the end of the page is reached, 
the Serial 
DataFlash 
will 
wrap around back to the beginning 
of the page. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, .20 a?dress 
bits, and 32 don't care bits from the SI pin; 
~hls 
pomt data can be read serially from the SO pin. The 
CS pin must remain low during this entire sequence; 
a low 
to high transition 
of the CS pin will terminate 
the read oper- 
ation and tri-state the SO pin. 


Buffer Read 
A buffer 
read allows 
the user to read 
data directly 
from 
either 
of the two buffers, 
To start a buffer 
read, 
a Buffer 
Read 
command 
(54H 
for buffer 
1, 56H 
for buffer 
2) is 
clocked 
into the device, followed 
by 15 Reserved 
bits 
nine 
address 
bits, and eight don't 
care bits. The 15 Res~rved 
bits may be used for future 
expansion 
and should 
be zero 
to ensure 
upwards 
compatibility. 
Nine 
address 
bits are 
required to specify the first byte of data to be read from the 
264-byt~ 
buffer. The eight don't care bits are sent to give 
the Senal 
DataFlash's 
state 
machine 
time 
to initialize. 


While reading data from a buffer, if the end of the buffer is 
reached, 
the Serial DataFlash 
will wrap around 
back to the 
beginning 
of the buffer. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads the eight opcode 
bits, 15 Reserved 
bits, 


nine ,addr.ess bits, and eight don't care bits from the Sl pin; 
~hl~ 
pomt data can be read serially from the SO pin. The 
CS pin must remain low during this entire sequence; 
a low 
to. high tran~ition of the CS pin will terminate 
the read oper- 
ation, and tn-state the SO pin. 


NOTE: 
You 
can 
read 
from 
one 
buffer 
while 
the 
Serial 
DataFlash's 
state 
machine 
is transferring 
data from 
the 
other buffer into main memory 
(Figure 6). 


Main Memory Page to Buffer Transfer 
The Serial 
OataFlash's 
state 
machine 
can automatically 
transfer 
data in a main memory 
page to either buffer 
1 or 
buffer 2. This allows the user to modify one or more bytes 
of data in a main memory 
page and then write the modified 
buffer contents 
back into main memory. 


To start 
a data transfer, 
a Main 
Memory 
Page to Buffer 
Transfer 
command 
(53H for buffer 
1, 55H for buffer 
2) is 
followed 
by four 
Reserved 
bits, 11 address 
bits, and nine 
don't 
care bits. The four 
Reserved 
bits may be used for 
future 
expansion 
and should 
be zero to ensure 
upwards 
compatibility. 
11 address 
bits are required 
to specify 
the 
page 
in main 
memory 
that 
is to be transferred 
to the 
selected 
buffer. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 11 address 
bits, and nine don't care bits from the SI 
pin. The data transfer 
begins 
when there 
is a low to high 
transition 
on the CS pin. You can use the ROY/BUSY 
pin or 
the 
ROY/BUSY 
bit in the 
Status 
Register 
to determine 
whether 
the state 
machine 
has completed 
the transfer. 
Refer to the section 
on the Status 
Register 
for details 
on 
how to access and interpret 
the Status Register. 


Main Memory Page to Buffer Compare 
The Serial OataFlash's 
internal 
state machine 
can be used 
to automatically 
compare 
the data in a main memory 
page 
to the data in either 
buffer 
1 or buffer 
2. This operation 
is 
useful after performing 
a Buffer to Main Memory 
Page Pro- 
gram or a Main Memory 
Page Program Command, 
for ver- 
ifying that the Serial 
OataFlash 
successfully 
programmed 
the buffer contents 
into a main memory 
page. 


To start the compare 
operation, 
a Main Memory 
Page to 
Buffer Compare 
command 
(60H for buffer 1, 61 H for buffer 
2) is followed 
by four Reserved 
bits, 11 address 
bits, and 
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5. Read 
desired 
number 
of bytes. 


SO 


nine don't 
care bits. The four Reserved 
bits may be used' 


for future expansion 
and should be zero to ensure upwards 
compatibility. 
11 address 
bits are required 
to specify 
the 
page 
in main 
memory 
that 
is to be compared 
with 
the 
selected 
buffer. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 11 address 
bits, and nine don't care bits from the SI 
pin. The compare 
operation 
begins when there is a low to 
high transition 
on the CS pin. You can use the ROY/BUSY 
pin or the ROY/BUSY 
bit in the Status 
Register 
to deter- 
mine whether 
the state machine 
has completed 
the com- 
pare separation. 
Refer to the section on the Status Register 
for details on how to access and interpret the Status Regis- 
ter. 


NOTE: On completion 
of the compare 
operation, 
the state 
machine 
updates 
the second 
MSB of the Status 
Register 
with the result of the compare. 


Program Operations 
for the AT45D041 


By specifying 
the appropriate 
opcode, 
data can be written 
to main 
memory 
or to either 
one 
of the 
two 
buffers 
(Figure 7). 


Buffer Write 
A buffer 
write 
allows 
the user to write 
data 
directly 
into 
either 
of the two buffers. 
To start a buffer 
write, 
a Buffer 
Write command 
(84H for buffer 
1, 87H for buffer 
2) is fol- 
lowed by 15 Reserved 
bits and nine address 
bits. The 15 
Reserved 
bits 
may 
be used 
for future 
expansion 
and 
should 
be zero 
to ensure 
upwards 
compatibility. 
Nine 
address 
bits are required to specify the first byte of data to 
be written in the 264-byte 
buffer. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads the eight opcode 
bits, 15 Reserved 
bits, 


• 


and nine address 
bits from the SI pin; at this point data can 
be written 
serially 
from the SI pin. While writing 
data to a 
buffer, 
if the 
end 
of the 
buffer 
is reached, 
the 
Serial 
OataFlash 
will wrap 
around 
back to the beginning 
of the 
buffer. 
The 
CS pin must 
remain 
low during 
this 
entire 
sequence; 
a low to high transition 
of the CS pin willtermi- 
nate the write operation. 


Figure 
7. 
Serial OataFlash 
Write Operations. 
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NOTE: 
Buffer 
locations 
not 
written 
to 
will 
remain 
unchanged 
from their previous 
values. 
Any unused 
buffer 
locations 
should 
be written 
with "known" 
data before 
per- 
forming 
a Buffer 
to Main Memory 
Page operation. 
Atmel 
recommends 
writing 
ones 
to unused 
locations 
to lower 
energy consumption. 


MAIN 
MEMORY 
PROGRAM 
THROUGH 
BUFFER 
2 


Buffer to Main Memory Page Program with 
Built-In Erase 
The Serial 
OataFlash's 
state 
machine 
can automatically 
erase 
a main 
memory 
page and then transfer 
data from 
either buffer 1 or buffer 2 into that main memory 
page. This 
allows 
the user to quickly 
write 
data to a buffer 
and not 
have to issue separate 
commands 
to pre-erase 
a page in 
the Flash array. You can also use the Buffer to Main Mem- 
ory Page Program 
with Built-In 
Erase command 
to leave a 
page 
in the erased 
state; 
to do this, 
write 
all 1's to the 
pages. 


Before 
performing 
the Buffer 
to Main Memory 
Page Pro- 
gram operation, 
use the Buffer Write operation 
to write the 
desired 
data to either 
buffer. 
To start the Buffer 
to Main 
Memory 
Page Program 
with Built-In 
Erase command, 
an 
8-bit opcode 
(83H for buffer 1, 86H for buffer 2) is followed 
by four Reserved 
bits, 11 address 
bits, and nine don't care 
bits. The four Reserved 
bits may be used for future expan- 
sion and should 
be zero to ensure 
upwards 
compatibility. 
11 address 
bits are required 
to specify 
the page in main 
memory that is to be erased and then written with the buffer 
contents. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 11 address 
bits, and nine don't care bits from the SI 
pin. The erase/program 
operation 
begins 
when there 
is a 
low to high 
transition 
on the 
CS pin. 
You 
can 
use the 
ROY/BUSY 
pin or the ROY/BUSY 
bit in the Status Register 


to determine 
whether 
the state machine 
has completed 
the 
self-timed 
operation. 
Refer 
to the section 
on the Status 
Register for details on how to access and interpret 
the Sta- 
tus Register. 


NOTE: 
While 
the state machine 
is busy transferring 
data 
from one buffer to the main memory 
page, the other buffer 
may be read from or written to. 


Buffer to Main Memory Page Program without 
Built-In Erase 
The Serial 
OataFlash's 
state 
machine 
can automatically 
transfer 
data from 
either 
buffer 
1 or buffer 
2 into a main 
memory 
page that has been previously 
erased. This opera- 
tion allows the user to quickly write data to a buffer and not 
have to wait for relatively 
long with Built-In 
Erase 
Flash 
memory 
erase time. Note that the Buffer to Main Memory 
Page Program 
without 
Built-In Erase is approximately 
30% 
faster than the Buffer to Main Memory 
Page Program 
with 
Built-In Erase operation. 


Before you use the Buffer to Main Memory 
Page Program 
without 
Built-In 
Erase 
operation, 
it is necessary 
that the 
main memory 
page that is being 
programmed 
has been 
previously 
erased 
(to erase a page, use the Buffer to Main 
Memory 
Page Program 
with Built-In 
Erase operation 
and 
program 
in all 1's). 


Before 
performing 
the Buffer to Main Memory 
Page 
Pro- 
gram without 
Built-In Erase operation, 
use the Buffer Write 
operation 
to write the desired 
data to either buffer. To start 


the Buffer to Main Memory 
Page Program 
without 
Built-In 
Erase command, 
an 8-bit opcode 
(88H for buffer 1, 89H for 
buffer 2) is fOllowed by four Reserved 
bits, 11 address 
bits, 
and nine don't 
care bits. The four 
Reserved 
bits may be 
used for future 
expansion 
and should 
be zero to ensure 
upwards 
compatibility. 
11 address 
bits are required 
to 
specify 
the page in main memory 
that is to be written 
with 
the buffer contents. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 11 address 
bits, and nine don't 
care bits from the SI 
pin. The program 
operation 
begins 
when there is a low to 
high transition 
on the CS pin. You can use the RDY/BUSY 
pin or the RDY/BUSY 
bit in the Status 
Register 
to deter- 
mine whether 
the state 
machine 
has completed 
the self- 
timed operation. 
Refer to the section on the Status Register 
for details on how to access and interpret the Status Regis- 
ter. 


NOTE: While 
the state machine 
is busy transferring 
data 
from one buffer to the main memory 
page, the other buffer 
may be read from or written to. 


written 
within 
the buffer. 
Specifying 
the page 
address 
requires 
11 bits. Specifying 
the first byte to be written within 
the buffer requires 
nine bits. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 
and 
20 address 
bits 
from 
the 
SI pin. 
The 
Serial 
DataFlash 
is now ready to take data from the SI pin and 
store it in the selected 
data buffer. While writing 
data to a 
buffer, 
if the 
end 
of the 
buffer 
is reached, 
the 
Serial 
DataFlash 
will wrap 
around 
back to the beginning 
of the 
buffer. 
The 
CS pin must 
remain 
low during 
this 
entire 
sequence; 
a low to high transition 
of the CS pin will initiate 
the erase of the selected 
main memory 
page and then pro- 
gram the data stored in the buffer to that page. 


Once the main memory 
page erase/program 
has begun, 
you can use the RDY/BUSY 
pin orthe 
RDY/BUSY 
bit in the 
Status 
Register 
to determine 
whether 
the state 
machine 
has completed 
the self-timed 
operation. 
Refer to the sec- 
tion on the Status Register for details on how to access and 
interpret the Status Register. 


NOTE: While 
the state 
machine 
is busy transferring 
data 
from one buffer to the main memory 
page, the other buffer 
may be read from or written to. 
Main Memory Page Program 
The Main Memory 
Page Program 
operation 
allows 
you to 
write 
to the buffer 
and transfer 
the buffer 
contents 
to the 
Virtual Continuous Write Buffer Operation 
specified 
main memory 
page using a single command. 
The 
The previous 
sections 
note that while the state machine 
is 
operation 
also erases 
the main memory 
page before 
the 
busy transferring 
data from one buffer to the main memory 
buffer's data is transferred. 
page, the other buffer may be read from or written to. This 
To start 
the program 
operation 
in main 
memory, 
a Main 
feature of the Serial DataFlash 
allows a virtually continuous 
Memory 
Page 
Program 
command 
(82H for buffer 
1, 8SH 
write 
operation 
provided 
each 
of the buffers 
is not filled 
for buffer 
2) is followed 
by four 
Reserved 
bits, 
and 20 
faster 
than the maximum 
page 
erase 
and program 
time 
address 
bits. The four Reserved 
bits may be used for future 
(data cannot 
be clocked 
in at a rate in which the time to fill 
expansion 
and should be zero to ensure upwards 
compati- 
a buffer is less than the maximum 
tEP time specified 
in the 
bility. When referencing 
main memory 
data, you must spec- 
data sheet). 
Figure 
8 shows 
the sequence 
of events 
that 
ify the page address 
and the address 
of the first byte to be 
system software 
can use. 


Figure 8. The buffers support 
a virtually 
continuous 
write operation. 


1. Issue command to write 
4. Issuecommand to write data 
data into either buffer. 
. 
into alternate buffer. 


~ 
Repeat S~quence 
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o 
Step 1: Issue a Buffer Write command 
to write data into 
either buffer. 


o 
Step 2: Write the desired number of bytes into the buffer. 


o 
Step 3: Issue a Buffer to Main Memory 
Page Program 
command. 


o 
Step 4: Issue a Buffer Write command 
to write data into 
the alternate 
buffer. 


o 
Step 5: Write the desired 
number of bytes into the 
alternate 
buffer. 


o 
Step 6: Monitor 
ROY/BUSY and when the status 
indicates 
that the Serial OataFlash 
is not busy, 
issue a Buffer to Main Memory 
Page Program 
command 
(for alternate 
buffer). Return to step 1. 


Auto Page Rewrite Command 
The 
Auto 
Page 
Rewrite 
operation 
allows 
the 
Serial 
OataFlash 
to automatically 
rewrite 
the contents 
of a main 
memory 
page. This operation 
is a combination 
of two oper- 
ations: Main Memory 
Page to Buffer Transfer 
and Buffer to 
Main Memory 
Page Program with Built-In Erase. 


To start the rewrite 
operation, 
an Auto Page Rewrite com- 
mand (58H for buffer 1, 59H for buffer 2) is followed 
by four 
Reserved 
bits, 11 address 
bits, and nine don't 
care bits. 
The four Reserved 
bits may be used for future 
expansion 
and should 
be zero to ensure 
upwards 
compatibility. 
11 
address 
bits are required to specify the page in main mem- 
ory. 


After a high to low transition 
occurs on the CS pin, toggling 
the SCK pin loads 
the eight 
opcode 
bits, four 
Reserved 
bits, 11 address 
bits, and nine don't care bits from the Sl 
pin. When a low to high transition 
occurs on the CS pin, the 
Serial 
OataFlash 
transfers 
data 
from 
the page 
in main 
memory to the specified 
buffer, and then programs 
the data 
in the buffer 
back 
into the same 
page 
of main 
memory. 


Once the Auto Page Rewrite operation 
has begun, you can 
use the ROY/BUSY 
pin or the ROY/BUSY 
bit in the Status 
Register to determine 
whether 
the state machine 
has com- 
pleted the self-timed 
operation. 
Refer to the section 
on the 
Status 
Register 
for details 
on how to access 
and interpret 
the Status Register. 


Extended Reprogramming 
To 
improve 
the 
reprogramming 
ability 
of the 
Serial 
OataFlash 
for write intensive 
applications 
that do not write 
in a cyclical, 
sequential 
manner, 
certain guidelines 
must be 
followed 
to preserve 
the integrity 
of data stored within 
the 
Flash array. 
A write intensive 
application 
can be defined as 
any application 
in which 
thousands 
of cumulative 
repro- 
gram (erase/program) 
operations 
are performed 
through- 
out the course of the product's 
life cycle. 


If the reprogram 
operations 
occur 
in a cyclical, 
sequential 
manner, 
then no special 
guidelines 
need to be followed. 
That is, if the Flash pages are updated/rewritten 
beginning 
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with a specific 
page (e.g., page 6) and continuing 
sequen- 
tially through 
the next 2047 pages (e.g., pages 7-2047 and 
0-5), and cycled 
again 
starting 
back at the original 
page 
(e.g., 
page 
6), then 
no additional 
algorithms 
need to be 
incorporated 
into the system's 
microcontroller 
or micropro- 
cessor software. 


However, 
if the reprogram 
operations 
occur 
in a random 
fashion 
in which any number 
of pages is updated 
in a ran- 
dom order, then the system 
must ensure that each page of 
the Serial OataFlash 
memory 
array be updated/rewritten 
at 
least once within every 10,000 cumulative 
page reprogram 
operations. 
Depending 
on the type of application, 
different 
methodologies 
can be used to accomplish 
the updating 
of 
the Flash array. 


One method 
requires 
that every reprogram 
operation 
of a 
single 
page be followed 
by an additional 
page update. 
In 
this scenario, 
a software 
controlled 
pointer would 
be used 
to designate 
which additional 
page of the Flash array is to 
be updated. 
For example, 
the pointer 
would 
initially 
point 
to page O. When the system 
reprograms 
a page, say page 
12, the system 
would 
then issue 
the Auto 
Page 
Rewrite 
command 
for page 0 after the completion 
of the page 12 
erase/program 
operation 
(tEP)' 
The pointer would then be 
incremented 
to point to page 1. 
When the system 
repro- 
grams 
another 
page, 
the 
process 
would 
be repeated. 


When the pointer reaches 2048, it would be reset back to O. 
Figure 9 illustrates 
this example. 


Another 
method 
for updating 
the Flash array is somewhat 
similar 
to the previous 
method, 
but would 
accommodate 
reprogram 
operations 
of multiple 
pages. 
With this method, 


a software 
controlled 
pointer would again be implemented 
with the addition 
of a software 
controlled 
counter. 
Like the 
previous 
example, 
the pointer would initially point to page 0 
and the counter would be set to O. When the system repro- 
grams 
multiple 
pages, 
the counter 
would 
be incremented 
for each page reprogram 
operation. 
After the system com- 
pletes the programming 
of the multiple 
pages (e.g., pages 
4,18,23 
and 25), the system 
would 
then issue the Auto 
Page Rewrite command 
for page O. Once the rewrite oper- 
ation 
of page 
0 is complete, 
the pointer 
would 
be incre- 
mented 
to 
point 
to 
page 
1, and 
the 
counter 
would 
decrement 
from 
4 to 3. 
The system 
would 
continue 
by 
issuing 
the Auto 
Page Rewrite 
command 
for page 1, and 
the rewrite 
process 
would 
repeat 
until the counter 
decre- 
mented back to O. When the pointer reaches 2048, it would 
be reset back to O. Figure 10 illustrates 
this example. 


The final method 
for updating 
the Flash array would allow 
10,000 reprogram 
operations 
to occur before the any Auto 
Page 
Rewrite 
command 
needs 
to be issued. 
With 
this 
method, 
a software 
controlled 
counter 
needs to be imple- 


mented. 
The counter 
would 
initially 
be set to 0, and after 
every 
reprogram 
operation, 
the counter 
would 
be incre- 
mented. 
Once 
the counter 
reaches 
10,000, 
the system 
would begin the Auto Page Rewrite 
process 
by issuing the 


Auto Page Rewrite command 
for page O. 
Once the rewrite 
operation 
of page 0 is complete, 
the system would continue 
by rewriting 
pages 
1, 2, 3, and so on until all 2048 pages 


Figure 9. 


have been rewritten. 
After the entire Flash array has been 
rewritten, 
the counter 
would 
be reset back to O. Figure 
11 
illustrates 
this example. 


Reset 
Page Address Pointer 
PA=OOOOH 


MAIN MEMORY PAGE 
TO BUFFER TRANSFER 
(53H or55H) 


MAIN MEMORY PAGE PROGRAM 
(82H or asH) 


) 


Optional-Use 
il planning to modify 
multiple bytes currently stored within 
a page 01 the Rash memory array. 


BUFFER TO MAIN MEMORY 
PAGE PROGRAM 
(83H or 86H) 


Increment 
Page Address Pointer 
PA= PA+ 1 
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} 
Use Page Address Pointer (PA) to 
specify the page to be rewritten. 


07FFH is the Page Address lor the last 
page (2047) 01 the 4M Serial DataFlash 
memory array. 


• 
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Oplional-Use 
if planning 
10 modify 
multiple 
bytes currenlly 
stored 
within 
a page of the Flash memory 
array. 


Increment 
Page Address 
Pointer 


PA=PA+ 
1 


) 


07FFH 
is the Page Address 
for the last 


page (2047) 
of the 4M Serial 
DataFlash 
memory 
array. 


Increment 
Page Address Pointer 
PA=PA+ 
1 
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} 


Optiona~se 
if planning to modify 
multiple bytes currently stored within 
a page of the Flash memory array. 


10,000 cumulative page erase/program 
operations is specified in the 4M Serial 
DataFlash data sheet as the maximum 
number of cumulative reprogram operations 
that can occur before each page of the 
memory array must be rewritten. 


} 
Use Page Address Pointer (PA) to 
specify the page to be rewritten. 


07FFH is the Page Address for the last 
page (2047) of the 4M Serial DataFlash 
memory array. 


• 


AlmEL 


.......................................................... 
.......... 
.................................................... 


- 
-- - --- -- 
-- -- 
- 
-- -- -- 


OPTIONAL 
PROTECTED 
AREA 


(USING YiP PIN) 


BUFFER 
1 


BUFFER 
2 


Data Protection 
Mechanisms 


A system 
designer 
needs to be aware 
of the possibility 
of 


data corruption 
caused 
by inadvertent 
data writes. 
The 


Serial DataFlash 
can have data corruption 
problems 
due to 


glitches, 
noise spikes, 
bus contention, 
etc., which 
may ini- 
tiate a false program 
or erase cycle. The Serial DataFlash 


provides 
several 
mechanisms 
that can be used to prevent 
data corruption. 


The Write Protect Signal 
As shown in Figure 12, the WP pin of the Serial DataFlash 
provides 
hardware-controlled 
write 
protection 
for the first 


256 pages 
of the Flash memory 
array 
(address 
locations 


OOOOOH to 1 FF07H). 
When 
the 
WP 
pin 
is LOW, 
any 


attempts 
(intentional 
or accidental) 
to write to the protected 


region will not affect the previously 
stored 
data. However, 
the erroneous 
write attempt 
causes the Serial DataFlash 
to 


perform 
a "dummy" 
write cycle 
(as though 
a normal 
write 


operation 
had occurred). 
A HIGH level on the WP pin dis- 


ables the write 
protection 
feature, 
allowing 
the system 
to 


write to all pages of the Flash array. 


NOTE: When this write protect feature 
is enabled, 
the first 


256 
pages 
of the 
Flash 
memory 
array 
do not 
have 
to 


undergo 
the 
rewrite 
procedure 
(as 
described 
in the 


"Extended 
Reprogramming" 
section) 
as long as WP has 
been held low during the cumulative 
reprogramming 
of the 


main array. 


Using the RESET Signal for Data Protection 
The Serial DataFlash's 
RESET pin can be connected 
to the 


system's 
reset line which will keep RESET held low and the 


Serial 
DataFlash 
inactive, 
until the power 
supply 
is within 


tolerance. 
When using this approach, 
you must ensure that 
the memory wakes up before the CPU issues memory 
read 


cycles 
to it. The 
Serial 
DataFlash 
also 
incorporates 
an 
internal 
power-on 
reset circuit; 
therefore, 
it is not required 


to hold RESET low during power-on 
sequences. 


The RESET 
pin is level sensitive 
and can also be used to 
protect 
the entire 
memory 
array 
from 
inadvertent 
writes 


during power outages. 
The RESET pin can also be used to 
terminate 
any operation 
in progress. 
When 
terminating 
erase or program 
operations 
before the specified 
comple- 
tion time, the data being erased or programmed 
cannot 
be 


guaranteed. 


Summary 


The Serial DataFlash 
was designed 
to provide 
a new non- 
volatile memory device to easily and efficiently 
handle large 
amounts 
of frequently 
changing 
data. 
The need for the 


Serial 
DataFlash 
arose from frustrated 
system 
designers 
who struggled 
for years trying to use large sectored 
Flash 
to store and manipulate 
data. 
With the Serial DataFlash's 


small 
page 
sizes, 
built-in 
internal 
RAM 
buffers, 
simple 
serial 
interface, 
and flexible 
software 
commands, 
users 
now have 
a Flash family 
that 
can meet their 
nonvolatile 


data storage 
requirements. 


The Serial DataFlash 
series of devices is the first offering in 
the 
DataFlash 
product 
line. 
Larger 
density 
Serial 


DataFlash 
devices 
will be introduced 
in the future 
as the 


DataFlash 
product 
line continues 
to grow. 
In addition, 
new 


DataFlash 
architectures 
will be introduced 
that will have dif- 
fering 
memory 
segmentations, 
new features, 
new com- 


mand sets, and new interface 
methods. 
As the DataFlash 


products 
evolve, they will be tailored 
toward 
specific 
appli- 


cations 
and market 
segments 
to provide 
the easiest 
and 


most useful devices for system designers. 
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Package Outlines 
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Section 
5 
FPGA Configuration 
Memories 


AT17C65 
65,536 x 1 
65K-bit FPGA Configuration EEPROM 
5-3 


AT17C128 
131,072 x 1 
128K-bit FPGA Configuration 
EEPROM 
5-3 


AT17C256 
262,144 x 1 
256K-bit FPGA Configuration 
EEPROM 
5-3 


Configurator Programming Specification 
5-15 
AT17C512 
524,288 x 1 
512K-bit FPGA Configuration 
EEPROM Memory 
5-29 
AT17LV512 
524,288 x 1 
512K-bit FPGA Configuration 
EEPROM Memory 
5-29 


AT17C010 
524,288 x 11M-bit 
FPGA Configuration EEPROM Memory 
5-29 


AT17LV010 
524,288 x 11M-bit 
FPGA Configuration 
EEPROM Memory 
5-29 


AT17C/LV/512A1010A 
1M-bit FPGA Serial Configuration 
Memories 
5-39 
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• 
EE Programmable 
65,536 x 1, 131,072 x 1, and 262,144 
x 1-bit Serial 
Memories 


Designed 
to Store 
Configuration 
Programs 
for Programmable 
Gate Arrays 


• 
Simple 
Interface 
to SRAM FPGAs 
Requires 
only 
one User VO Pin 


• 
Compatible 
With 
AT6000 
FPGAs, 
ATT3000 
FPGA, 
EPF8000 
FPGAs, 
ORCA FPGAs, 
XC2000, 
XC3000, 
XC4000, 
XC5000 
FPGAs, 
MPA 1000 


• 
Cascadable 
to Support 
Additional 
Configurations 
or Future 
Higher-density 
Arrays 
(17C128 
and 17C256 only) 
• 
Low-power 
CMOS EEPROM 
Process 


• 
Programmable 
Reset 
Polarity 


• 
Available 
In the Space-efficient 
Plastic 
DIP or Surface-mount 


PLCC and SOIC Packages 
• 
In-System 
Programmable 
Via 2-wire 
Bus 


• 
Emulation 
of 24CXX Serial 
EPROMs 


• 
Available 
in 3.3V ± 10% LV Version 


Description 


The AT17C65/128/256 
and AT17LV65/128/256 
(AT17 
Series) 
FPGA Configuration 


EEPROMS 
(Configurator) 
provide 
an easy-to-use, 
cost-effective 
configuration 
mem- 
ory for Field Programmable 
Gate Arrays. 
The AT17 Series 
is packaged 
in the 8-pin 


DIP and the popular 
20-pin 
PLCC and SOIC. The AT17 Series family 
uses a simple 


serial-access 
procedure 
to configure 
one or more FPGA devices. 
The AT17 Series 


organization 
supplies 
enough 
memory 
to configure 
one or multiple 
smaller 
FPGAs. 


Using a special feature of the AT17 Series, the user can select the polarity of the reset 
function 
by programming 
a special EEPROM 
bit. 


The AT17 Series can be programmed 
with industry standard 
programmers. 


Pin Configurations 


20-pin PLCC 


ClK 


NC 
RESET/OE 
NC 
CE 


VCC 
NC 
NC 
SER_EN 
NC 


NC 
CEO 


NC 


NC 
NC 


NC 


DATA 


NC 


ClK 
NC 


RESET/OE 


NC 
CE 
NC 
GND 


NC 
SER_EN 


NC 


NC 
CEO 


DATAOs 
VCC 
ClK 
2 
7 
SER EN 


RESET/~ 
3 
6 
CEO 
CE 
4 
5 
GND 
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FPGA 
Configuration 
EEPROM 


AT17C65 
AT17C128 
AT17C256 • 


Controlling 
The AT17 Series 
Serial EEPROMs 


Most connections 
between the FPGA device and the Serial 
EEPROM 
are simple and self-explanatory. 


• 
The DATA output of the AT17 Series drives DIN of the 
FPGA devices. 


• 
The master FPGA CClK 
output drives the ClK 
input of 
the AT17 Series. 


• 
The CEO output of any AT17C/lV128/256 
drives the CE 
input of the next AT17C/lV128/256 
in a cascade 
chain of 
PROMs. 


• 
SER_EN 
must be connected 
to Vcc. 


There 
are, however, 
two different 
ways 
to use the inputs 
CE and OE, as shown 
in the AC Characteristics 
wave- 
forms. 


Condition 1 
The simplest 
connection 
is to have the FPGA 
DIP output 
drive both CE and RESET/OE 
in parallel 
(Figure 1). Due to 
its simplicity, 
however, 
this method 
will fail if the FPGA 
receives 
an external 
reset condition 
during the configura- 


ROW 
ADDRESS 
COUNTER 
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tion cycle. 
If a system 
reset is applied 
to the FPGA, 
it will 
abort the original 
configuration 
and then reset itself for a 
new configuration, 
as intended. 
Of course, the AT17 Series 
does not see the external 
reset signal and will not reset its 
internal 
address 
counters 
and, consequently, 
will remain 
out of sync with the FPGA for the remainder 
of the configu- 
ration cycle. 


Condition 2 
The FPGA DIP output drives only the CE input of the AT17 
Series, 
while its OE input is driven 
by the inversion 
of the 
input to the FPGA RESET input pin. This connection 
works 
under all normal circumstances, 
even when the user aborts 
a configuration 
before 
DIP has gone High. A High level on 
the RESET/OE 
input to the AT17C/lVxxx 
- during 
FPGA 
reset - clears the Configurator's 
internal 
address 
pointer, 


so that 
the reconfiguration 
starts 
at the beginning. 
The 
AT17 Series does not require an inverter since the RESET 
polarity is programmable. 


PROGRAMMING 
DATA SHIFT 
REGISTER 


EEPROM 
CELL 
MATRIX 


PLCCI 
SOIC 
DIP 


Pin 
Pin 
Name 
VO 
Description 


2 
1 
DATA 
I/O 
Three-state 
DATA output 
for reading. 
InpuVOutput 
pin for programming. 


4 
2 
CLK 
I 
Clock 
input. 
Used to increment 
the internal 
address 
and bit counter 
for reading 
and 
programming. 


RESET/Output 
Enable 
input (when 
SER_EN 
is High). 
A Low level on both the CE and 


6 
3 
RESET/OE 
RESET/OE 
inputs 
enables 
the data output 
driver. A High level on RESETIOE 
resets 
both the addresss 
and bit counters. 
A logic polarity 
of this input is programmable 
as 
either 
RESET/OE 
or RESET/OE. 
This document 
describes 
the pin as RESET/OE. 


Chip Enable 
input. 
Used for device 
selection. 
A Low level on both CE and OE enables 


8 
4 
CE 
I 
the data output 
driver. A High level on CE disables 
both the address 
and bit counters 
and 
forces te device 
into a low power mode. Note this pin will not enable/disable 
the device 
in 
2-wire 
Serial 
mode 
(ie; when 
SER_EN 
is Low). 


10 
5 
GND 
Ground 
Pin 


Chip Enable 
Out output. 
This signal 
is asserted 
Low on the clock cycle following 
the last 


CEO 
0 
bit read from the memory. 
It will stay Low as long as CE and OE are both Low. It will then 
follow 
CE until OE goes High. Thereafter 
CEO will stay High until the entire 
PROM 
is 
14 
6 
read again and senses 
the status 
of RESET 
polarity. 


A2 
I 
Device 
selection 
input, A2. This is used to enable 
(or select) 
the device 
during 
programming 
and when 
SER_EN 
is Low (see Programming 
Guide for more details). 


17 
7 
SER_EN 
I 
Serial 
enable 
is normally 
high during 
FPGA 
loading 
operations. 
Bringing 
SER_EN 
low, 


enables 
the 2-wire 
serial 
interface 
for programming. 


20 
8 
VCC 
+3.3V/+5V 
power supply 
pin. 


'NOTICE: 
Stresses 
beyond 
those 
listed under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
dam- 
age to the device. 
This is a stress 
rating only and 
functional 
operation 
of the device 
at these or any 
other conditions 
beyond 
those 
indicated 
in the 
operational 
sections 
of this specification 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


Voltage 
on Any Pin 
with Respect 
to Ground 
-0.1V to Vcc + 0.5V 
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FPGA Master Serial Mode Summary 


The I/O and logic functions 
of the FPGA and their associ- 
ated interconnections 
are established 
by a configuration 


program. 
The program 
is loaded 
either automatically 
upon 


power 
up, or on command, 
depending 
on the state of the 


three 
FPGA mode pins. In Master 
Mode, the FPGA auto- 


matically 
loads the configuration 
program 
from an external 


memory. 
The 
Serial 
Configuration 
EEPROM 
has been 


designed 
for compatibility 
with the Master Serial Mode. 


Cascading 
Serial Configuration 


EEPROMs 
(AT17C/LV128 
and AT17C/LV256) 


For multiple 
FPGAs 
configured 
as a daisy-chain, 
or for 


future FPGAs requiring 
larger configuration 
memories, 
cas- 
caded 
Configurators 
provide 
additional 
memory 


(17C/LV128 
and 17C/LV256 
only). 


After the last bit from the first Configurator 
is read, the next 


clock signal to the Configurator 
asserts its CEO output Low 


and disables 
its DATA line. The second 
Configurator 
rec- 


ognizes the Low level on its CE input and enables its DATA 
output. 


Figure 
1. Condition 
1 Connection 


MODE 4 


M2 
Ml 
MO 


FPGA 
SERIAL 
EEPROM 
DATA 
V 
ClK 


CE 
SER_EN 
CS 
CON 


AT60XX 


RESET/OE 
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After configuration 
is complete, 
the address 
counters 
of all 
cascaded 
Configurators 
are reset if the reset signal drives 
the RESET/OE 
on each Configurator 
Active. 


If the address 
counters 
are not to be reset upon comple- 
tion, then the RESET/OE 
inputs can be tied to ground. 
For 


more details, 
please reference 
the AT17C 
Series Program- 


ming Guide. 


Programming 
Mode 


The programming 
mode 
is entered 
by bringing 
SER_EN 


Low. In this mode the chip can be programmed 
by the 
2- 


wire 
interface. 
The programming 
is done 
at V cc supply 


only. Programming 
super voltages 
are generated 
inside the 


chip. See the Programming 
Specification 
for Atmel's 
Con- 
figuration 
Memories 
Application 
Note for further 
informa- 
tion. The AT17C 
Series parts are read/write 
at5V 
nominal. 


The AT17LV 
parts are read/write 
at 3.0V nominal. 


AT17C/LVXXX 
Reset Polarity 


The AT17C/L VXXX lets the user choose 
the reset polarity 


as either RESET/OE 
or RESET/OE. 


Standby Mode 


The 
AT17C/L 
VXXX 
enters 
a low-power 
standby 
mode 


whenever 
CE is asserted 
High. In this mode, the Configura- 
tor consumes 
less than 
1.0 mA of current. 
The 
output 


remains 
in a high impedance 
state regardless 
of the state 


of the OE input. 


AT17CXXX 
AT17LVXXX 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


Commercial 
Supply voltage relative to GND 
4.75 
5.25 
3.0 
3.6 
V 
-O°Cto +70°C 


Vcc 
Industrial 
Supply voltage relative to GND 
4.5 
5.5 
3.0 
3.6 
V 
-40°C to +85Co 


Military 
Supply voltage relative to GND 
4.5 
5.5 
3.0 
3.6 
V 
-55°C to +125C 


DC Characteristics 


Vcc = 5V ± 5% Commercial 
/ 5V ± 10% Ind.lMil. 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(I0H = -4 mAl 
3.7 
V 


Commercial 


VOL 
Low-level 
output 
voltage 
(IOL = +4 mAl 
0.32 
V 


VOH 
High-level 
output 
voltage 
(loH = -4 mAl 
3.6 
V 
Industrial 


VOL 
Low-level 
output 
voltage 
(IOL = +4 mAl 
0.37 
V 


VOH 
High-level 
output 
voltage 
(I0H = -4 mAl 
3.5 
V 


VOL 
Low-level 
output 
voltage 
(I0L = +4 mAl 
Military 
0.4 
V 


ICCA 
Supply 
current, 
active 
mode 
10 
mA 


IL 
Input or output 
leakage 
current 
(V1N= Vcc or GND) 
-10 
10 
~A 


Commercial 
75 
~A 
Supply 
current, 
standby 
mode 
AT17C256 
Industrial/Military 
150 
~A 
Iccs 
Commercial 
1 
mA 
Supply 
current, 
standby 
mode 
AT17C128/65 
Industrial/Military 
2 
mA 


DC Characteristics 


Vcc = 3.3V ± 10% 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(IoH = -2.5 mAl 
2.4 
V 


Commercial 


VOL 
Low-level 
output 
voltage 
(IOL = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(loH = -2 mAl 
2.4 
V 


Industrial 
VOL 
Low-level 
output 
voltage 
(IOL = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(I0H = -2 mAl 
2.4 
V 


Low-level 
output 
voltage 
(I0L = +2.5 mAl 
Military 
0.4 
V 
VOL 


ICCA 
Supply 
current, 
active 
mode 
5 
mA 


IL 
Input or output 
leakage 
current 
(V1N= Vcc or GND) 
-10 
10 
~A 


Commercial 
50 
~A 
Iccs 
Supply 
current, 
standby 
mode 
Industrial/Military 
100 
~A 
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AC Characteristics 
for AT17C256 
vcc = 5V ± 5% Commercial 
/ Vcc = 5V ± 10% Ind.lMil. 


Commercial 
IndustriaVMilitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
25 
25 
ns 
OE 


T 
(2) 
CE to Data Delay 
45 
45 
ns 
CE 


T 
(2) 
ClK 
to Data Delay 
50 
55 
ns 
CAC 


TOH(2) 
Data Hold From CE, OE, or ClK 
0 
0 
ns 


T 
(3) 
CE or OE to Data Float 
Delay 
50 
50 
ns 
DF 


TLC 
ClK 
low 
Time 
20 
20 
ns 


THC 
ClK 
High Time 
20 
20 
ns 


TSCE 
CE Setup 
Time to ClK 
(to guarantee 
proper 
counting) 
35 
40 
ns 


THCE 
CE Hold Time to Clk 
(to guarantee 
proper 
counting) 
0 
0 
ns 


THOE 
OE High Time 
(guarantees 
counter 
is reset) 
20 
20 
ns 


FMAX 
MAX Input Clock 
Frequency 
12.5 
12.5 
MHz 


AC Characteristics 
for AT17C256 When Cascading 
vcc = 5V± 5% Commercial 
/ V cc = 5V ± 10% Ind.lMil. 


Commercial 
IndustrialIMilitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


TCDF(3) 
ClK 
to Data Float Delay 
50 
50 
ns 


TOCK(2) 
ClK 
to CEO Delay 
35 
40 
ns 


T 
(2) 
CE to CEO Delay 
35 
35 
ns 
OCE 


T 
(2) 
RESET/OE 
to CEO Delay 
30 
35 
ns 
OOE 


Notes: 
1. 
Preliminary 
specifications 
for military 
operating 
range only. 


2. 
AC test load = 50 pf. 


3. 
Float delays 
are measured 
with 5 pF AC loads. Transition 
is measured 
±200 
mV from steady 
state active 
levels. 
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AC Characteristics 
for AT17C65/128 


Vcc = 5V ± 5% Commercial/ 
Vcc = 5V ± 10% Ind.lMil. 


Commercial 
IndustriaVMiJitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
110 
150 
ns 
OE 


T 
(2) 
CE to Data Delay 
50 
50 
ns 
CE 
T 
(2) 
ClK to Data Delay 
50 
55 
ns 
CAC 
TOH(2) 
Data Hold From CE, OE, or ClK 
0 
0 
ns 


T 
(3) 
CE or OE to Data Float Delay 
50 
50 
ns 
OF 


TLc 
ClK low Time 
30 
35 
ns 


THC 
ClK High Time 
30 
35 
ns 


TSCE 
CE Setup Time to ClK (to guarantee proper counting) 
45 
50 
ns 


THCE 
CE Hold Time to Clk (to guarantee proper counting) 
0 
5 
ns 


THOE 
OE High Time (guarantees counter is reset) 
50 
60 
ns 


F 
(4) 
MAX Input Clock Frequency 
10 
10 
MHz 
MAX 


AC Characteristics 
for AT17C65/128 
When Cascading 
vcc = 5V± 5% Commercial/ 
Vcc = 5V ± 10% Ind.lMil. 


Commercial 
Industrial/Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


TCOF(3) 
ClK to Data Float Delay 
50 
50 
ns 


T 
(2) 
ClK to CEO Delay 
65 
75 
ns 
OCK 
T 
(2) 
CE to CEO Delay 
55 
60 
ns 
OCE 


T 


OE 


(2) 
RESET/OE to CEO Delay 
55 
55 
ns 


1. 
Preliminary specifications for military operating range only. 


2. AC test load = 50 pf. 


3. 
Float delays are measured with 5 pF AC loads. Transition is measured ±200 mV from steady state active levels. 


4. 
During cascade FMAX = 8 MHz. 


AC Characteristics 


Vcc = 3.3V ± 10% 


Commercial 
IndustriaVMilitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
40 
45 
ns 
OE 
T 
(2) 
CE to Data Delay 
60 
60 
ns 
CE 
T 
(2) 
ClK to Data Delay 
75 
80 
ns 
CAC 


T 
(2) 
Data Hold From CE, OE, or ClK 
0 
0 
ns 
OH 


T 
(3) 
CE or OE to Data Float Delay 
55 
55 
ns 
DF 


TLC 
ClK low Time 
25 
25 
ns 


THC 
ClK High Time 
25 
25 
ns 


TSCE 
CE Setup Time to ClK (to guarantee proper counting) 
35 
60 
ns 


THCE 
CE Hold Time to Clk (to guarantee proper counting) 
0 
0 
ns 


THDE 
OE High Time (guarantees counter is reset) 
25 
25 
ns 


F 
(4) 
MAX Input Clock Frequency 
10 
8 
10 
MHz 
MAX 


Notes: 
1. 
Preliminary specifications for military operating range only. 


2. 
AC test lead = 50 pf. 


3. 
Float delays are measured with 5 pF AC loads. Transition is measured ±200 mV afrom steady state active levels. 


4. 
During cascade FMAX = 8 MHz. 


AC Characteristics 
When Cascading 
vcc = 3.3V ± 10% 


Commercial 
Industrial/Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(3) 
ClK to Data Float Delay 
60 
60 
ns 
CDF 
T 
(2) 
ClK to CEO Delay 
55 
60 
ns 
OCK 


T 
(2) 
CE to CEO Delay 
55 
60 
ns 
OCE 
T 
(2) 
RESET/OE to CEO Delay 
40 
45 
ns 
OOE 
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Memory 
Size (K) 
Ordering 
Code 
Package 
Operation 
Range 


64K 
AT17C65-10PC 
8P3 
Commercial 


AT17C65-10JC 
20J 
(O°C to 70°C) 


AT17C65-10SC 
20S 


AT17C65-10PI 
8P3 
Industrial 


AT17C65-1 
OJI 
20J 
(-40°C 
to 85°C) 


AT17C65-10SI 
20S 


128K 
AT17C128·10PC 
8P3 
Commercial 


AT17C128-10JC 
20J 
(O°C to 70°C) 


AT17C128-10SC 
20S 


AT17C128-10PI 
8P3 
Industrial 


AT17C128·10JI 
20J 
(-40°C 
to 85°C) 


AT17C128-10SI 
20S 


256K 
AT17C256-10PC 
8P3 
Commercial 


AT17C256-10JC 
20J 
(O°C to 70°C) 


AT17C256-10SC 
20S 


AT17C256-10PI 
8P3 
Industrial 


AT17C256·10JI 
20J 
(-40°C 
to 85°C) 


AT17C256-10SI 
20S 


Package 
Type 


SP3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline 
Package 
(PDIP) 


20J 
20-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


20S 
20-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 


Memory 
Size (K) 
Ordering 
Code 
Package 
Operation 
Range 


64K 
AT17LV65-10PC 
8P3 
Commercial 


AT17LV65-10JC 
20J 
(O°C to 70°C) 


AT17LV65-10SC 
20S 


AT17LV65-10PI 
8P3 
Industrial 


AT17LV65-10JI 
20J 
(-40°C 
to 85°C) 


AT17LV65-10SI 
20S 


128K 
AT17LV128-10PC 
8P3 
Commercial 


AT17LV128-10JC 
20J 
(O°C to 70°C) 


AT17LV128-10SC 
20S 


AT17LV128-10PI 
8P3 
Industrial 


AT17LV128-10JI 
20J 
(-40°C 
to 85°C) 


AT17LV128-10SI 
20S 


256K 
AT17LV256-10PC 
8P3 
Commercial 


AT17LV256-10JC 
20J 
(O°C to 70°C) 


AT17LV256-10SC 
20S 


AT17LV256-10PI 
8P3 
Industrial 


AT17LV256·10JI 
20J 
(-40°C 
to 85°C) 


AT17LV256-10SI 
20S 


Package 
Type 


SP3 
8-Lead, 
0.300" 
Wide, 
Plastic 
Dual Inline Package 
(PDIP) 


20J 
20-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


20S 
20-Lead, 
0.300" 
Wide, 
Plastic 
Gull Wing 
Small 
Outline 
(SOIC) 
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Programming Specification for 


Atmel's FPGA Configuration EEPROMs 


AT17C65/128/256/512/010 


AT17C65A1128A1256A1512A1010A 


The FPGA Configurator 
The Configurator 
is a serial 
EEPROM 


memory 
which also can be used to load 


programmable 
devices. 
This document 


describes 
the features 
needed 
to pro- 


gram the Configurator, 
and also covers 


programming 
for 3.3V 
LV devices 
and 


Altera Pinout varients. 


Serial Bus Overview 
The 
serial 
bus is a two wire 
bus; 
one 


wire (CLOCK) 
functions 
as a clock and is 


provided 
by the programmer, 
the second 


wire (DATA) is a bi-directional 
signal and 


is used to provide 
data and control infor- 


mation. 


Information 
is transmitted 
on the serial 
bus in messages. 
Each 
MESSAGE 
is 


preceded 
by a START 
BIT and is ended 


with a STOP BIT. The message 
consists 


of an integer number of bytes, each byte 
consists 
of 8 bits of data and is followed 


by a ninth 
ACKNOWLEDGE 
BIT. This 


ACKNOWLEDGE 
BIT is provided 
by the 


recipient 
of the data. 
This 
is possible 
because 
devices 
only drive 
DATA 
low, 


the system (in the programming 
case the 
Programmer) 
provides 
a small 
pull-up 
current (1k Ohm equivalent) 
for the Data 
Pin. 


The MESSAGE 
FORMAT 
consists of the 
bytes shown in the Message 
Bytes table 
below. The MESSAGE 
FORMAT 
is pre- 


ceded by a start bit and ended by a stop 
bit. 


The programmer 
provides 
all the bytes 


except 
for 
the 
data 
bytes 
when 
the 


device is being read. Note that each byte 
is individually 
acknowledged. 
This 
acknowledgment 
is provided 
by the Con- 
figurator 
in all cases except for the data 
bytes 
in the read 
mode, 
in which 
case 


the acknowledge 
is provided 
by the pro- 
grammer. 


Bit Format 
Data on the DATA pin may change 
only 


during CLOCK 
low times. 


1ST 
2ND 
3RD 


DEVICE 
ADD DRESS 
ADDRESS 
ADDRESS 
DATA BYTE(S) 
ADDRESS 
BYTE (010/512 
BYTE 
BYTE 
Only) 


3RD 


DEVICE 
1ST 
2ND 
ADDRESS 
DATA 
START 
BIT 
ADDRESS 
ADDRESS 
ADDRESS 
BYTE 
BYTE(S) 
STOP BIT 
BYTE 
BYTE 
(010/512 
Only) 
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Note 


Start and Stop Bits 
The START 
BIT is indicated 
by a high-to-Iow 
transition 
of 
DATA 
when 
CLOCK 
is high. 
Similarly, 
the STOP 
BIT is 


Acknowledge 
Bit 


The ACKNOWLEDGE 
BIT ("ACK") 
is shown 
in the above 


figure. 
Note that the ACKNOWLEDGE 
BIT is provided 
by 


the device 
receiving 
the byte. The receiving 
device 
can 


accept the byte by asserting 
a low value on DATA, or it can 


refuse the byte by asserting 
(not driving the signal) 
a 1 on 


DATA. 
All 
bytes 
must 
be terminated 
by either 
the 


ACKNOWLEDGE 
BIT or a STOP BIT. 


Bit Ordering Protocol 
The most significant 
bit is the first bit of a byte transmitted 


on DATA 
for 
the 
DEVICE 
ADDRESS 
BYTE 
and 
the 


EEPROM 
ADDRESS 
BYTES. 
It is followed 
by the lesser 


significant 
bits until the eighth bit, the least significant 
bit is 


transmitted. 
This is followed 
by the acknowledge 
bit. How- 
ever, for DATA BYTES 
(both writing 
and reading) 
the first 


Device 
Address 
Byte 


MSB 


Where: 
R/W = 1 Read 


= 0 Write 


A2 
= 
1 if 
A2 pin is 
at 
Vcc 


= 0 if A2 pin 
is at GROUND 


Configurator 
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generated 
by a low-to-high 
transition 
of DATA 
when 


CLOCK is high, as shown below. 


bit transmitted 
is the least significant 
bit. This protocol 
is 


shown in the tables below. 


Device Address Byte 
The contents 
of the Device Address 
Byte are shown below, 


along with the order in which 
the bits are clocked 
into the 


device. The A2 bit is provided 
to allow 2 devices to share a 


common 
bus; when 
programming 
a single 
device, 
the A2 
pin must be forced 
to a logic 
'0' or '1' level. 
It is recom- 


mended 
that this pin be connected 
to OV (GND) 
using a 
4.7K ohm resistor pulldown. 


Note: 
For the 010/512 
only this pin will be pulled to ground if 


left floating. 


LSB 


pJIjj 


8th 


- 
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EEPROM Address 
The 
EEPROM 
address 
consists 
of two 
bytes 
on the 
17C65/128/256, 
and three bytes on the 17C5121010. 
Each 
address 
byte is followed 
by an acknowledge 
bit (provided 
by the device which 
is receiving 
data). These bytes define 


Data Byte 
The organization 
of the Data 
Byte is shown 
below. 
Note 
that in this case, the data byte is clocked 
into the device 
LSB first and MSB last. 


Writing 
All writing takes place in pages. A page is 64 bytes long on 
the 17C65/128/256 
and 128 bytes long on the 17C5121010, 
and the page boundaries 
are addresses 
where 
A5 - 0 on 
the 17C65/128/256 
and A6 - 0 on the 17C512/01 0 are all 


Data Byte 


LSB 


a Start 
Bit 


a Device 
Address 
with 
R/W = 
0 


An Acknowledge 
Bit From 
the device 


First 
Word 
of the Address 


An Acknowledge 
Bit From 
the device 


Second 
Word 
of the Address 


An Acknowledge 
Bit From 
the device 


Third 
Word 
of 
Address 
(AT17C010/AT175l2 
Only) 


An ACK 
from Device 


One 
or more 
data bytes 
(sent to the device) 


Each 
followed 
by 
an Acknowledge 
Bit From 
the 


device 
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the address 
space of the device, 
as described 
below. 
The 
order in which 
each byte is clocked 
into the device 
is also 
indicated. 
Unused 
bits in an address 
byte (e.g. the high 
order bits above AE16 on the 17C010) must be set to "0". 


17C5121010 Page Length 


17C65/1281256 Page Length 


17C128 Address 
Space 


17C256 Address 
Space 


zero. Writing can start at any address within a page and the 
• 
number 
of bytes written must be 64 for the 17C65/128/256 
and 128 for the 17C512/010. 
The first byte is written at the 
transmitted 
address. 
The address 
is incremented 
in the 
device 
following 
the receipt 
of each data word 
received. 


Only the lower six bits of the address 
are incremented 
and 
if the address 
is incremented 
after the last byte in the page 
is sent, then the next byte to be written 
is the first byte of 
the same page. 


MSB 


07 


8th 


WRITE 
POLLING: 
On receipt 
of the stop bit, the device 
enters 
an internally 
timed write cycle. 
While 
the device 
is 
busy with this write cycle it will not acknowledge 
any trans- 
fers. Thus the programmer 
can start the next page write by 
sending 
the Start Bit followed 
by the Device Address. 
If this 
is not acknowledged, 
then the programmer 
should 
aban- 


don the transfer 
without 
asserting 
a stop bit. The program- 
mer can then repeat this until an acknowledge 
is received. 


When this is received the write action can proceed, 
Le., the 
next byte to be sent is the device address. 


Reading 
Read operations 
are initiated the same way as write opera- 


tions 
with 
the exception 
that 
the 
R/W bit in the device 


address is set to one. There are three read operations: 
cur- 


rent address 
read, random read and sequential 
read. 


CURRENT 
ADDRESS 
READ: 
The 
internal 
data 
word 


address 
counter 
maintains 
the last address 
accessed 
dur- 


ing the last read or write 
operation, 
incremented 
by one. 


This address stays valid between operations 
as long as the 


chip power is maintained 
and the device 
remains 
in 2-wire 


access mode. If the last operation 
was a read at address 
n, 
then the current address 
would be n + 1. If the final opera- 


tion was a write 
at address 
n, then the current 
address 


would again be n + 1 with one exception. 
If address 
n was 


the last byte address 
in the page, the incremented 
address 


n + 1 would 
"roll over" to the 1st byte address 
on the next 


page. 


Once 
the device 
address 
with 
the R/W select 
bit set is 


clocked 
in and acknowledged 
by the device 
the current 


address word is serially clocked out. The programmer 
does 


not acknowledge 
the read but does generate 
a following 


stop condition. 


a 
Start 
Bit 


a 
Device 
Address 
with 
R/W 
= 
1 


An Acknowledge 
Bit From 
the device 


a 
data 
byte 
from 
the 
device 


a stop 
bit 
from the programmer. 


RANDOM 
READ: 
A random 
read requires 
a "dummy" 
byte 


write sequence 
to load in the data word address. 
Once the 


device address word and data word address are clocked 
in 


and acknowledged 
by the device, 
the programmer 
must 


generate 
another 
start condition. 
The programmer 
now ini- 


tiates a current address 
read by sending 
a device address 


with the RJW bit high. The device acknowledges 
the device 


address 
and serially 
clocks 
out the data word. 
The pro- 
grammer 
does not acknowledge 
the read but does gener- 
ate a following 
stop condition. 


A random 
address 
read 
action 
consists 
of 


a 
Start 
Bit 


a Device 
Address 
with 
R/W = 0 


An 
Acknowledge 
Bit 
From 
the 
device 


First Word 
of the Address 


An Acknowledge 
Bit From 
the device 


Second Word 
of the Address 


An Acknowledge 
Bit From 
the device 


Third 
Word 
of Address 
(AT17C010/AT17C5l2 
Only) 


An ACK bit 
from the device 


a 
Start 
Bit 


a 
Device 
Address 
with 
R/W 
= 
1 


An Acknowledge 
Bit From 
the device 


a data byte 
from the device 


a stop bit 
from the programmer. 
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SEQUENTIAL 
READ: 
Sequential 
reads 
are initiated 
by 


either 
a current 
address 
read or a random 
address 
read. 


After 
the programmer 
receives 
a data word, 
it responds 
with an acknowledge. 
As long as the device 
receives 
an 
acknowledge, 
it will continue 
to increment 
the data word 


address 
and serially 
clock out sequential 
data words 
until 
the memory 
address 
limit is reached. 
The sequential 
read 
operation 
is terminated 
when 
the programmer 
does 
not 


respond 
with an acknowledge 
but generates 
a stop condi- 


tion. 


Programming 
Pins 


Nine pins are used to program 
the devices. 
These 
nine 


pins, and their mapping 
to the package 
pins are shown 
in 
the following 
table: 


8-Pin 
20·Pin 
20 PLCC 


Pin 
Device 
Device 
Altera 


DATA 
1 
2 
2 


CLOCK 
2 
4 
4 


WP1 
5 
5 
N/A 
(512/010 
Only) 
(512/010 
only) 


RESET/OE 
3 
6 
8 


WP2 
N/A 
7 
N/A 
(512/010 
Only) 


CE 
4 
8 
9 


GROUND 
5 
10 
10 


A2 (CEO) 
6 
14 
12 


READY 
N/A 
15 
15 
(512/010 
Only) 
(512/010 
Only) 


SER_EN 
7 
17 
18 


Vcc 
8 
20 
20 
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Programmer 
Functions 


The programmer 
needs to perform the following 
functions: 


1. 
Check the Manufacturers 
Code and the Device 
Code (Not necessary 
for In-System 
Program- 
ming) 


2. 
Program the device 


3. 
Verify the device 


4. 
Set the Reset Polarity option. 


In the order given above. They are performed 
in the follow- 
ing manner. 
(The same protocol 
and operations 
are used 
for both 5V and 3.3V devices, 
and the Altera 
pinout 
vari- 
ents except where stated.) 


Reading Manufacturers 
and Device 
Code 


The 
17C512/010 
use 
a different 
algorithm 
than 
the 
17C65/128/256 
devices 
for reading the manufacturers 
and 
device 
ID code. 
On 17C512/01 
0 devices 
the reading 
of 
these bytes are accomplished 
by performing 
a read opera- 
tion with the upper address 
byte set to binary pattern 0000 
0100 and the two lower address 
bytes set to all zeros dur- 


ing 
sequence 
to load 
in the 
data 
word 
address. 
On 
17C65/128/256 
devices 
the read is done on the manufac- 
tures device ID code from address 0 and 1, respectively, 
by 
performing 
a "read" 
as specified 
in this spec, with the fol- 
lowing DC voltages 
set: 


RESET/OE 


CE 


A2 
(CEO) 


= ov 
= 11.5 
± O.5V 


= 
(Same as A2 bit in Device Address. 
usually 
OV) 


SER_EN 
= ov 


The correct codes are (1) 


Manufacturers 
Code 
- Byte 0 


Device 
Code 
- Byte 
1 


1E 


FF 
17C128 


7F 
17C65 


77 
17C256 


37 
17C512 


F7 
17C010 


Note: 
1. 
The Manufacturer's Code and Device Code are read 
using the same byte ordering specified in the begin- 
ning of this document; i.e., LSB first, MSB last. 


Programming 
the Device 


All the bytes 
in the device's 
page 
must 
be written. 
The 
order is not important 
but it is suggested 
that the device be 
written sequentially 
from Byte O.Writing is accomplished 
by 
using the DATA and CLOCK pins and setting the other pro- 
gramming 
pins as follows: 


RESET/OE 
= ov 


CE 


A2 
(CEO) 
= 
(Same as A2 bit 
in Device Address, 


usually 
OV) 


SER_EN 
= ov 


Write 
Protect 
Operation 
The 17C family 
of devices 
have a "Write 
Protect" 
feature 
which 
allows 
portions 
of the memory 
to be blocked 
during 
write. When the blocking is in effect, data will not be written 
in the blocked 
portion and the existing 
data in the blocked 
portion will be preserved. 


For the 
17C65/128/256, 
the 
RESET/DE 
pin is used for 
WRITE 
PROTECT 
when in serial mode (SER_EN 
is LOW). 


When the RESET/OE 
pin is HIGH, memory 
is protected 
as 
follows: 
(Note CE must be low.) 


17C65: 
The lower 
1/2 of memory 
is protected 
(address 
0000 - OFFF) 


17C128: 
The lower 
1/4 of memory 
is protected 
(address 
0000 - OFFF) 


17C256: 
The lower 
1/4 of memory 
is protected 
(address 
0000 -lFFF) 


For the 17C512101 0, there are two dedicated 
Write Protect 
pins; WPl 
(pin 5) and WP2 (pin 7). They are decoded 
to 
provide 
protection 
described 
below. (WP1IWP2 
have weak 
pull-downs 
by default. 
The AT17C/LV512/010A 
parts do 
not support WP2): 


WP2 
WPl 
Protection 


0 
0 
No protection 


0 
1 
Addresses 00000 - 07FFF (1/4 of 17C010, 1/2 of 17C512) 


1 
0 
Addresses 00000 - OFFFF (1/2 of 17C010, All of 17C512) 


1 
1 
Addresses 00000 -17FFF (3/4 of 17C010, All of 17C512) 
- 
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Verifying the Device 


All bytes in the device 
must be read and compared 
to their 


intended 
values. 
Reading 
is done using the CLOCK 
and 
DATA 
pins 
with 
the other 
programming 
pins 
set to the 


same value as in programming: 


RESETIDE 
= ov 


CE 
= ov 


A2 
(CEO) 
= 
(Same as A2 bit 
in Device Address, 


usually 
OV) 


SElCEN 
= 
OV 


Programming 
the RESET POLARITY 
Option 


All devices 
in the 17CXXX family have the ability to change 


the polarity 
of the RESET/OE 
pin. This is required 
for the 


devices to load data correctly 
for many FPGA families. 
The 
17C65/128/256 
use 
a different 
algorithm 
from 
the 
17C512/010; 
both algorithms 
are described 
on the next 
page. 


1. 
AT17C65/128/256 
RESET/OE 
Polarity 
Programming 


A. 
Setting the polarity option ACTIVE 
HIGH OE 


(ACTIVE 
LOW RESET): Write a byte "FF" of 
data to address 
3FFF, using the previously 
defined 
2-wire write algorithm, 
with the other 
programming 
pins set to the following: 


RESET/DE 
= Vcc 
+1- 
O.25V 
CE 
= Vcc 
+1- 
O.25V 


A2 
(CEO) 
= 
(Same 
as 
A2 
bi t 
in 
Device 
Address; 
usually 
OV) 


SER_EN 
= ov 


This will change 
the RESET/OE 
pin functionality 
to 
RESET/OE, 
Le. 
active 
high 
OE 
and 
active 
low 
RESET. 


B. 
Setting the polarity option ACTIVE 
LOW OE 


(ACTIVE 
HIGH RESET): Write a byte "FF" of 
data to address 
3FFF, using the previously 
defined 
2-wire write algorithm, 
with the other 
programming 
pins set to the following: 


RESET/OE 


CE 


A2 
(CEO) 


= OV 


= Vcc 
+1- 
O.25V 


= 
(Same as A2 bit 
in 
Device 
Address; 
usually 
OV) 


= 
OV 


This will change 
the RESET/OE 
pin functionality 
to 
RESET/OE, 
Le. 
active 
low 
OE 
and 
active 
high 
RESET (the default condition). 
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Important 
Notes on AT17C65/128/256 
Polarity 
Programming: 


L The 
pin conditions 
above 
must 
be maintained 


during 
the entire 
program 
cycle, 
Le. for 10 ms or 


until the next Device Address 
is 'ACK'ED' 
(if using 


Write Polling). 


iL After the RESET/OE 
polarity 
has been modified 
the 
AT17C65/128/256 
MUST 
be 
powered 
down 


and back up again before attempting 
to verify func- 


tionality 
or 
use 
the 
newly 
programmed 
polarity 


function. 


C. 
Verifying the RESET/OE 
Polarity on the AT17 
C65/128/256 


The following 
algorithm 
can be used 
to read the 
programmed 
polarity of the RESET/OE 
pin: 


Power up the device with 


RESET/OE 


CE 


A2 
(CEO) 


SER_EN 


CLOCK 


DATA 


= 
OV 


= 
OV 


= 
Input 
to 
programmer 
(High 
Z) 


= 
Vcc 
+/- 
O.2SV 


= 
OV 


In this condition, 
if the DATA pin is tri-stated, 
then 
the RESET/OE 
fuse is programmed 
for active high 
OE (active low RESET); 
if the DATA pin reads a "0" 


or a "1", the 
RESET/OE 
fuse 
is active 
low OE 
(active high RESET). 


2. 
AT17C5121010 
RESET/OE 
Polarity Programming 


A. 
Setting the polarity option ACTIVE 
HIGH OE 
(ACTIVE LOW RESET): Write 4 bytes "00 00 00 
00" to addresses 
20000 - 20003, 
using the pre- 


viously defined 2-wire write algorithm. 


B. 
Setting the polarity option ACTIVE 
LOW OE 
(ACTIVE 
HIGH RESET): Write 4 bytes "FF FF 
FF FF" to addresses 
20000 - 20003, 
using the 


previously 
defined 2-wire write algorithm. 


C. 
Verifying 
the RESET/OE 
Polarity on the 
17C512/010: 
Read 4 bytes of data from 
addresses 
20000 - 20003, using the previously 


defined 2-wire Random 
Read algorithm. 
If the 


data is "FF FF FF FP then the fuse is pro- 
grammed 
for ACTIVE 
LOW OE (ACTIVE 
HIGH 


RESET, which is the default condition); 
if the 
data is "00 00 00 00" then the fuse is pro- 
grammed 
for ACTIVE 
HIGH OE (ACTIVE 
LOW 


RESET). 
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DC Characteristics 


Vcc = 5.0V ± 5%. TA = 15°C - 85°C(1) 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


Vcc 
Supply 
Voltage 
4.75 
5.0 
5.25 
V 


Icc 
Supply 
Current 
Vcc = 5V 
2.0 
5.0 
mA 


ILL 
Input Leakage 
Current 
VIN = Vcc or Vss 
0.10 
10 
IlA 


ILO 
Output 
Leakage 
Current 
VOUT= Vcc or Vss 
0.05 
10 
IlA 


VIH 
High-Level 
Input Voltage 
Vccx 
0.7 
Vcc + 0.5 
V 


VIL 
Low-Level 
Input Voltage 
-0.5 
0.4 
V 


VOL 
Output 
Low Level Voltage 
10L= 3 mA 
0.4 
V 


AC Characteristics 


Vcc = 5.0V ± 5%. TA = 15°C - 85°C(1) 


Symbol 
Parameter 
Min 
Max 
Units 


fCLOCK 
Clock 
Frequency, 
Clock 
400 
KHz 


tLOW 
Clock 
Pulse Width 
Low 
1.2 
Ils 


tHIGH 
Clock 
Pulse Width 
High 
0.8 
Ils 


tM 
Clock Low to Data Out Valid 
0.1 
0.9 
IlS 


tauF 
Time the bus must be free before 
a new transmission 
can start 
1.2 
Ils 


tHO;STA 
Start 
Hold Time 
0.6 
IlS 


tSU;STA 
Start 
Set-Up 
Time 
0.6 
Ils 


tHOOAT 
Data In Hold Time 
0 
Ils 


tsu OAT 
Data In Set-up 
Time 
0.1 
IlS 


tR 
Inputs 
Rise Time 
0.3 
Ils 


tF 
Inputs 
Fall Time 
0.3 
IlS 


tsu STO 
Stop Set-up 
Time 
0.6 
Ils 


tOH 
Data Out Hold Time 
0.05 
IlS 


tWR 
Write 
Cycle Time 
10 
ms 
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DC Characteristics 


Vcc = 3.3V ± 5%, TA = 15°C - 85°C(1) 


Symbol 
Parameter 
Test 
Condition 
Min 
Typ 
Max 
Units 


Vcc 
Supply 
Voltage 
3.0 
3.3 
3.6 
V 


Icc 
Supply 
Current 
Vcc = 3.6 
2.0 
3.0 
mA 


ILL 
Input Leakage 
Current 
VIN = Vcc or Vss 
0.10 
10 
~A 


ILO 
Output 
Leakage 
Current 
VOUT= Vcc or Vss 
0.05 
10 
~A 


VIH 
High-Level 
Input Voltage 
Vcc x 0.7 
Vcc + 0.5 
V 


VIL 
Low-Level 
Input Voltage 
-0.5 
0.2 
V 


VOL 
Output 
Low Level Voltage 
tOL = 2.1 mA 
0.4 
V 


AC Characteristics 


Vcc = 3.3V ± 5%. TA = 15°C - 85°c(1) 


Symbol 
Parameter 
Min 
Max 
Units 


fCLOCK 
Clock 
Frequency, 
Clock 
100 
KHz 


tLOW 
Clock 
Pulse Width 
Low 
4.0 
~s 


tHIGH 
Clock 
Pulse Width 
High 
4.0 
~s 


tAA 
Clock 
Low to Data Out Valid 
0.1 
1.0 
~s 


tauF 
Time the bus must be free before 
a new transmission 
can start 
4.5 
~s 


~O:STA 
Start 
Hold Time 
2.0 
~s 


tSU:STA 
Start 
Set-Up 
Time 
2.0 
~s 


tHOOAT 
Data In Hold Time 
0 
~s 


tsu OAT 
Data In Set-up 
Time 
0.2 
~s 


tR 
Inputs 
Rise Time 
0.3 
~s 


tF 
Inputs 
Fall Time 
0.3 
~s 


tsu STO 
Stop Set-up 
Time 
2.0 
~s 


IoH 
Data Out Hold Time 
0.1 
~s 


tWR 
Write 
Cycle Time 
20 
ms 
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tSU.OAT 
-.1 
J+- tST.OAT 


tAA4_ 


DATA(OUT) -ZZ-Z-ZZ-Z-//-/-/z-m 
_ 


AT17CXXX 
Configurator 
In-System 
Programming 
Applications 


For 
standard 
in-system 
programming, 
where 
the 
RESET/OE 
polarity does not need to be changed, 
Figure 1 


shows 
a typical 
circuit 
arrangement. 
A 74HCT157 
multi- 
plexer is used to steer the appropriate 
signals of the config- 
urator, 
the 
device(s) 
programmed 
by the 
configurator 
(typically 
a FPGA or EPLD), 
and the ISP (In-System 
Pro- 
grammable) 
port connector. 
The ISP port may be a con- 
nection 
to a microcontroller 
on-board 
or an off-board 
programmer. 
The signals 
need to be muxed 
to avoid con- 
tention 
and to avoid possible 
disruption 
to the EPLD/FPGA 


operation. 
Bringing 
SER_EN 
low puts the configurator 
into 


ISP mode and also switches 
the multiplexer . 


For applications 
where 
the RESET/OE 
polarity 
may also 


need to be programmed, 
Figure 2 shows the expanded 
ISP 


port and the associated 
connections 
to the multiplexer. 


Refer to the device programming 
section 
in this document 


for specific details. 
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Figure 
2. 
RESET/OE 
Programming 
Configuration 
65K/128K/256K. 
(Recommended 
for use with XC4000/XC5000 
devices.) 
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DIP 


17CILVxxxA 
17CILVxxx 
(65/128/256 
PLCC 
PLCClSOIC 
only) 
(Allera) 
Pin 
Pin 
Name 
VO 
Description 


2 
2 
1 
DATA 
I/O 
Three-state DATAoutput for reading. Input/Output pin 
for programming. 


4 
4 
2 
ClK 
I 
CLOCK input. Used to increment the internal address 
and bit counter for reading and programming. 


5 
5" 
N/A 
WP1 
I 
Write Protect (1). Used to inhibit write to blocks of 
(512/010) Only 
memory (512/010 only). Combined with WP2, this pin 
defines portions of the memory that will not be written. 
See programming instructions for details of operation. 


8 
6 
3 
RESET/OE 
I 
RESET/Output Enable input (when SER_EN is High). 
A low level on both the CE and RESET/OE inputs 
enables the data output driver. A High level on 
RESET/OE resets both the address and bit counters. 
The logic polarity of this input is programmable as 
RESET Polarity Select 
I 
either RESET/OE or RESET/OE. This document 
(65/128/256) 
describes the pin as RESET/OE. 
- 
RESET Polarity Select Input. During programming, 


WP 
I 
when CE is High, this input is used to determine the 
(65/128/256) 
polarity of the RESET pin when SER_EN is High. 
Write Protect (WP) input (when CE is low). When WP 
is low or floating, the entire memory can be written. 
When WP is enabled (High), the lowest 1/4 of the 
memory cannot be written; i.e., 16K in 17C65, 32K in 
17C128, and 64K in 17C256. Note that when WP is 
High, the chip will still acknowledge the receipt of data, 
but it will not write it into memory. 


N/A 
7" 
N/A 
WP2 
I 
Write Protect (2). Used to inhibit write to blocks of 
(512/010) 
memory (512/010 only). Combined with WP1, this pin 
defines portions of the memory that will not be written. 
See programming instructions for details of operation. 


9 
8 
4 
CE 
I 
Chip Enabie input. Used for device selection only 
when SER_EN is High. A low level on both CE and 
OE enables the data output driver. A High level on CE 
disables both the address and bit counters and forces 
the device into a low power mode. Note this pin will 
NOT enable/disable the device in 2-wire Serial mode 
(i.e., when SER_EN is low). 


During programming, and when CE is low, the main 
array is read and written. When CE is High, the main 
array is deselected and a Serial WRITE operation will 
change the polarity of the RESET pin. 


10 
10 
5 
GND 
Ground Pin. 


Note: 
"These input pins (512/010 Only) contain a weak internal pull down device and when forced high will draw -5 ~Alpin current 
when SER_EN is low. They will draw no current when SER_EN is high. 
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DIP 


17C/LVxxxA 
17C/LVxxx 
(65/128/256 


PLCC 
PLCC/SOIC 
only) 


(Altera) 
Pin 
Pin 
Name 
I/O 
Description 


12 
14' 
6 
CEO 
I 
Chip Enable 
Output. 
This signal 
is asserted 
Low on 
the clock cycle following 
the last bit read from the 
memory. 
It will stay Low as long as CE and OE are 
both low. It will then follow 
CE until OE goes High. 
Thereafter, 
CEO will stay High until the entire 
PROM 
is read again and senses 
the status 
of RESET 
polarity. 


A2 
0 
Device selection 
input, A2. Used to enable 
(select) 
the 
device 
during 
programming. 
When 
SER_EN 
is Low, 
this pin MUST 
be at either 
a logic level '1' or '0' (Le., 


not tristate) 
and the A2 contents 
of the Device 
Address 
must match the condition 
of the pin for the 
device 
to be selected. 
Atmel 
recommends 
addition 
of 
a 4.7 Kfl external 
pUll-down 
resistor 
for ISP 
applications. 


15 
15 
N/A 
READY 
0 
Ready 
output 
(512/010 
only). 
This pin is an open- 
(512/010) 
collector 
indicator 
of the device's 
internal 
Power-up 
RESET 
condition. 
It is driven 
Low until the Power-up 
RESET 
is cleared, 
at which 
time it is released 
to a tri- 
state condition. 
This can be used with an external 
pUliup resistor 
for a Ready 
indication. 


18 
17 
7 
SER_EN 
I 
Serial 
enable 
is normally 
high during 
FPGA 
loading 
operations. 
Bringing 
SER_EN 
Low enables 
the 2-wire 
serial 
interface 
mode 
for programming. 


20 
20 
8 
Vcc 
Power Supply 
Pin. 
• 


Note: 
'These 
input pins (512/010 
Only) 
contain 
a weak 
internal 
pUll down 
device 
and when 
forced 
high will draw -5 ~Alpin 
current 


when 
SER_EN 
is low. They will draw no current 
when 
SER_EN 
is high. 
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EE Programmable 
524,288 
x 1 and 1,048,576 
x 1-bit Serial 
Memories 
Designed 
to Store 


Configuration 
Programs 
for Field Programmable 
Gate Arrays 
(FPGA) 


Simple 
Interface 
to SRAM FPGAs 


Compatible 
with 
Atmel 
AT6000, 
AT40K FPGAs, 
Altera 
EPF8K, 
EPF10K, 
EPF6K FPGAs, 
ORCA FPGAs, 
Xilinx 
XC3000, 
XC4000, 
XC5200 
FPGAs, 
Motorola 


MPA 1000 FPGAs 
Cascadable 
to Support 
Additional 
Configurations 
or Future 
Higher-density 
Arrays 


Low-power 
CMOS EEPROM 
Process 


Programmable 
Reset 
Polarity 


Available 
In PLCC Package 
(Pin Compatable 
across 
Product 
Family) 


In-System 
Programmable 
Via 2-wire 
Bus 


Emulation 
of 24CXX Serial 
EPROMs 


Available 
in 3.3V ± 10% LV and 5V Versions 


System 
Friendly 
READY 
Pin 


Description 


The AT17C512/010 
and AT17LV512/010 
(high-density 
AT17 Series) 
FPGA Configu- 


ration EEPROMs 
(Configurators) 
provide 
an easy-to-use, 
cost-effective 
configuration 
memory for Field Programmable 
Gate Arrays. The high-density 
AT17 Series is pack- 
aged in the popular 
20-pin PLCC. The high-density 
AT17 Series family uses a simple 


serial-access 
procedure 
to configure 
one or more FPGA devices. 
The high-density 


AT17 
Series 
organization 
supplies 
enough 
memory 
to configure 
one or multiple 


smaller 
FPGAs. The user can select the polarity of the reset function 
by programming 
one EEPROM 
byte. The devices 
also support 
a write protection 
mode and a system 


friendly 
READY 
pin, which 
signifies 
a "good" 
power 
level to the device 
and can be 
used to ensure reliable system 
power-up. 


The high-density 
AT17 Series 
can be programmed 
with industry-standard 
program- 
mers, and the Atmel ATDH2200 
Programming 
board. 


Pin Configurations 


20-Pin 
PLCC 


~ 
U 
o<C(uoo 
zoz>z 


ClK 
WPl 


RESET/OE 


WP2 
CE 


NC 


SER_EN 
NC 


READY 
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FPGA 


Config uration 


EEPROM 


Memory 


512Kand 1M 


AT17C512 


AT17LV512 
• 


AT17C010 


AT17LV010 


Controlling 
The High-Density 


AT17 Series Serial EEPROMs 


Most connections 
between 
the FPGA device and the Serial 
EEPROM 
are simple and self-explanatory: 


• 
The DATA output of the high-density 
AT17 Series drives 
DIN of the FPGA devices. 


• 
The master FPGA CClK 
output drives the ClK 
input of 


the high-density 
AT17 Series. 


• 
The CEO output of any AT17C/lV5121010 
drives the CE 


input of the next AT17C/lV512/01 
0 in a cascade chain of 


PROMs. 


• 
SER_EN 
must be connected 
to Vcc, (except during ISP). 


READY 
is available 
as an open-collector 
indicator 
of the 
device's 
RESET status; 
it is driven low 
while the device 
is 
in its POWER-ON 
RESET 
cycle 
and released 
(tri-stated) 
when the cycle is complete. 


There are two different 
ways to use the inputs CE and OE, 
as shown in the AC Characteristics 
waveforms. 


Condition 1 
The simplest 
connection 
is to have the FPGA 
DIP output 
drive both CE and RESET/OE 
in parallel (Figure 1). Due to 


its simplicity, 
however, 
this method 
will fail if the FPGA 


Block Diagram 


SE~::B~------~ 


WP2 


ROW 
ADDRESS 
COUNTER 
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receives 
an external 
reset condition 
during 
the configura- 
tion cycle. 
If a system 
reset is applied 
to the FPGA, 
it will 
abort the original 
configuration 
and then reset itself for a 
new configuration, 
as intended. 
Of course, the high-density 
AT17 Series does not see the external 
reset signal and will 
not reset its internal 
address 
counters 
and, consequently, 


will remain out of sync with the FPGA for the remainder 
of 
the configuration 
cycle. 


Condition 2 
The FPGA DIP output drives only the CE input of the high- 
density 
AT17 
Series, 
while 
its OE input 
is driven 
by the 


inversion 
of the input to the FPGA RESET 
input pin. This 
connection 
works 
under 
all normal 
circumstances, 
even 
when the user aborts a configuration 
before 
DIP has gone 
High. 
A High 
level 
on 
the 
RESET/OE 
input 
to the 


AT17C/lVxxx 
- during FPGA reset - clears the Configura- 
tor's 
internal 
address 
pointer, 
so that the reconfiguration 
starts at the beginning. 
The high-density 
AT17 Series does 


not require 
an inverter 
since 
the RESET 
polarity 
is pro- 
grammable. 


PROGRAMMING 
DATA SHIFT 
REGISTER 


20 
PLCC 
Name 
I/O 
Description 


2 
DATA 
I/O 
Three·state 
DATA output 
for reading. 
InpuVOutput 
pin for programming. 


4 
ClK 
I 
Clock 
input. 
Used to increment 
the internal 
address 
and bit counter 
for reading 
and 
programming. 


5 
WP1 
I 
WRITE 
PROTECT 
(1). Used to protect 
portions 
of memory 
during 
programming. 
See 
programming 
guide 
for details. 


6 
RESET/OE 
I 
RESET/Output 
Enable 
input (when 
SER_EN 
is High). 
A low 
level on both the CE and 
RESET/OE 
inputs 
enables 
the data output 
driver. 
A High level on RESET/OE 
resets 
both the 
address 
and bit counters. 
The logic polarity 
of this input is programmable 
as either 
RESET/OE 
or RESET/OE. 
This document 
describes 
the pin as RESET/OE. 


7 
WP2 
I 
WRITE 
PROTECT 
(2). Used to protect 
portions 
of memory 
during 
programming. 
See 
programming 
guide for details. 


8 
CE 
I 
Chip Enable 
input. 
Used for device 
selection. 
A low 
level on both CE and OE enables 
the 


data output 
driver. 
A High level on CE disables 
both the address 
and bit counters 
and forces 
the device 
into a low power 
mode. 
Note this pin will ill!1 enable/disable 
the device 
in 2-wire 
Serial 
Programming 
mode 
(I.e., when 
SER_EN 
is low). 


10 
GND 
Ground 
pin. 


14 
CEO 
0 
Chip Enable 
Out output. 
This signal 
is asserted 
low 
on the clock 
cycle following 
the last bit 


read from the memory. 
It will stay low 
as long as CE and OE are both low. 
It will then follow 
CE until OE goes High. 
Thereafter, 
CEO will stay High until the entire 
PROM 
is read again and 
senses 
the status 
of RESET 
polarity. 


A2 
I 
Device 
selection 
input, A2. This is used to enable 
(or select) 
the device 
during 
programming, 


when 
SER_EN 
is low 
(see Programming 
Guide 
for more details) 


15 
READY 
0 
Open 
collector 
reset state indicator. 
Driven 
low 
during 
power·up 
reset, 
released 
when 
power· 


up is complete. 
(Recommend 
a 4.7K!1 
Pull·up 
on this pin if used). 


17 
SER_EN 
I 
Serial 
enable 
is normally 
high during 
FPGA 
loading 
operations. 
Bringing 
SER_EN 
low, 


enables 
the two wire serial 
interface 
mode for programming. 


20 
VCC 
+3.3V1+5V 
power 
supply 
pin. 


Absolute 
Maximum 
Ratings* 


Operating 
Temperature 
-55°C to +125°C 
'NOTICE: 
Stresses 
beyond 
those 
listed 
under Absolute 
Maxi- 


mum Ratings 
may cause 
permanent 
damage 
to the 


device. 
These 
are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other condi· 
tions beyond 
those 
listed under 
Operating 
Conditions 


is not implied. 
Exposure 
to Absolute 
Maximum 
Rat- 


ings conditions 
for extended 
periods 
of time may 


affect device 
reliability. 


Voltage 
on Any Pin 


with Respect 
to Ground 
·0.1V to Vcc + 0.5V 
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FPGA Master Serial Mode Summary 


The I/O and logic functions 
of the FPGA and their associ- 
ated interconnections 
are established 
by a configuration 
program. 
The program 
is loaded 
either automatically 
upon 
power 
up, or on command, 
depending 
on the state of the 
three 
FPGA mode pins. In Master 
Mode, the FPGA auto- 
matically 
loads the configuration 
program 
from an external 
memory. 
The 
Serial 
Configuration 
EEPROM 
has been 
designed 
for compatibility 
with the Master Serial Mode. 


Cascading 
Serial Configuration 
EEPROMs 


For multiple 
FPGAs 
configured 
as a daisy-chain, 
or for 
future FPGAs requiring 
larger configuration 
memories, 
cas- 
caded Configurators 
provide additional 
memory. 


As the last bit from the first Configurator 
is read, the clock 
signal to the Configurator 
asserts 
its CEO output 
Low and 
disables 
its DATA 
line. The second 
Configurator 
recog- 
nizes the Low level on its CE input and enables 
its DATA 
output. 


Figure 
1. Condition 
1 Connection 
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After configuration 
is complete, 
the address 
counters 
of all 
cascaded 
Configurators 
are reset if the reset signal drives 
the RESETI5E 
on each Configurator 
to its active 
(High) 
level. 


If the address 
counters 
are not to be reset upon comple- 
tion, then the RESET/DE 
inputs can be tied to ground. 
For 
more details, please reference 
the AT17C Series Program- 
ming Guide. 


Programming 
Mode 


The programming 
mode 
is entered 
by bringing 
SER_EN 
Low. In this mode the chip can be programmed 
by the 
2- 
wire 
interface. 
The programming 
is done 
at V cc supply 
only. Programming 
super voltages 
are generated 
inside the 
chip. See the Programming 
Specification 
for Atmel's 
Con- 
figuration 
Memories 
Application 
Note for further 
informa- 
tion. The AT17C Series parts are read/write 
at 5V nominal. 


The AT17LV 
parts are read/write 
at 3.3V nominal. 


AT17C/LVXXX 
Reset Polarity 


The AT17C/LVXXX 
lets the user choose 
the reset polarity 
as either RESET/DE 
or RESET/DE. 


Standby Mode 


The 
AT17C/LVXXX 
enters 
a low-power 
standby 
mode 
whenever 
CE is asserted 
High. In this mode, the Configura- 
tor consumes 
less than 
0.5mA 
at 5.0 volts. 
The output 
remains 
in a high impedance 
state regardless 
of the state 
of the DE input. 


AT17CXXX 
AT17LVXXX 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


Commercial 
Supply voltage relative to GND 
4.75 
5.25 
3.0 
3.6 
V 
-O°Cto +70°C 


Vcc 
Industrial 
Supply voltage relative to GND 
4.5 
5.5 
3.0 
3.6 
V 
-40°C to +85°C 


Military 
Supply voltage relative to GND 
4.5 
5.5 
3.0 
3.6 
V 
-55°C to +125°C 


DC Characteristics 
vcc = 5V ± 5% Commercial 
/ 5V ± 10% Ind.lMil. 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(I0H = -4 mAl 
3.86 
V 


Commercial 


VOL 
Low-level 
output 
voltage 
(IoL = +4 mAl 
0.32 
V 


VOH 
High-level 
output 
voltage 
(I0H = -4 mAl 
3.76 
V 
Industrial 


VOL 
Low-level 
output 
voltage 
(IOL= +4 mAl 
0.37 
V 


VOH 
High-level 
output 
voltage 
(IOH= -4 mAl 
3.7 
V 


VOL 
Low-level 
output 
voltage 
(IoL = +4 mAl 


Military 
0.4 
V 


ICCA 
Supply 
current, 
active 
mode 
(at FMAX) 
10 
mA 


IL 
Input or output 
leakage 
current 
(V IN = Vcc or GND) 
-10 
10 
~A 


Commercial 
0.5 
mA 
Iccs 
Supply 
current, 
standby 
mode 
Industrial/Military 
0.5 
mA 


DC Characteristics 
vcc = 3.3V ± 10% 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(IoH = -2.5 mAl 
2.4 
V 


Commercial 


VOL 
Low-level 
output 
voltage 
(IOL = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(I0H = -2 mAl 
2.4 
V 
Industrial 


VOL 
Low-level 
output 
voltage 
(I0L = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(I0H = -2 mAl 
2.4 
V 


VOL 
Low-level 
output 
voltage 
(IoL = +2.5 mAl 
Military 
0.4 
V 


' 
CCA 
Supply 
current, 
active 
mode 
5 
mA 


' 
L 
Input or output 
leakage 
current 
(VIN = Vcc or GND) 
-10 
10 
~A 


Commercial 
100 
~A 
Iccs 
Supply 
current, 
standby 
mode 
IndustriaVMilitary 
100 
~A 
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Commercial/Industrial 
Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
30 
35 
ns 
DE 


TCE 
(2) 
CE to Data Delay 
45 
45 
ns 


TcAc 
(2) 
ClK 
to Data Delay 
50 
50 
ns 


T 
(2) 
Data Hold From CE, OE, or ClK 
0 
0 
ns 
OH 


T 
(3) 
CE or OE to Data Float 
Delay 
50 
50 
ns 
OF 


TLc 
ClK 
low 
Time 
20 
20 
ns 


THC 
ClK 
High Time 
20 
20 
ns 


TSCE 
CE Setup Time to ClK 
(to guarantee 
proper 
counting) 
20 
25 
ns 


THeE 
CE Hold Time to ClK 
(to guarantee 
proper 
counting) 
0 
0 
ns 


THOE 
OE High Time 
(Guarantees 
Counter 
Is Reset) 
20 
20 
ns 


FMAX 
MAX Input Clock 
Frequency 
15 
15 
MHz 


VRDY 
Ready 
Pin Open 
Collector 
Voltage 
1.2 
2.2 
1.2 
2.2 
V 


AC Characteristics 
for AT17C5121010 
When Cascading 


vcc = 5V± 
5% 
Commercial 
/ V cc = 5V ± 10% 
Ind.lMil. 


Commercial/Industrial 
Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(3) 
ClK 
to Data Float Delay 
50 
50 
ns 
COF 


T 
(2) 
ClK 
to CEO 
Delay 
35 
40 
ns 
OCK 


T 
(2) 
CE to CEO Delay 
35 
35 
ns 
OcE 


T 
(2) 
RESET/OE 
to CEO Delay 
30 
30 
ns 
ODE 


Notes: 
1. 
Preliminary 
specifications 
for military 
operating 
range only. 


2. 
AC test load = 50 pF. 


3. 
Float delays 
are measured 
with 5 pF AC loads. Transition 
is measured 
± 200 mV from steady 
state active 
levels. 
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Commercial/lndustrial 
Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
50 
55 
ns 
OE 
T 
(2) 
CE to Data Delay 
55 
60 
ns 
CE 
T 
(2) 
ClK to Data Delay 
55 
60 
ns 
CAC 


TOH 
Data Hold From CEoOE. or ClK 
0 
0 
ns 


T 
(3) 
CE or OE to Data Float Delay 
50 
50 
ns 
DF 


TLC 
ClK low Time 
25 
25 
ns 


THC 
ClK High Time 
25 
25 
ns 


TSCE 
CE Setup Time to ClK (to guarantee proper counting) 
30 
35 
ns 


THCE 
CE Hold Time to ClK (to guarantee proper counting) 
0 
0 
ns 


THOE 
OE High Time (Guarantees Counter Is Reset) 
25 
25 
ns 


F 
(4) 
MAX Input Clock Frequency 
15 
10 
MHz 
MAX 


VRrN 
Ready Pin Open Collector Voltage 
1.2 
2.2 
1.2 
2.2 
V 


Notes: 
1. 
Preliminary specifications for military operating range only. 


2. 
AC test load = 50 pF. 


3. 
Float delays are measured with 5 pF AC loads. Transition is measured ± 200 mV from steady state active levels. 


4. 
During cascade FMAX = 12.5 MHz. 


AC Characteristics 
for AT17LV5121010 
When Cascading 


Vcc = 3.3V ± 10% 


CommerciaVlndustrial 
Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(3) 
ClK to Data Float Delay 
50 
50 
ns 
CDF 
T 
(2) 
ClK to CEO Delay 
50 
55 
ns 
OCK 


T 
(2) 
CE to CEO Delay 
35 
40 
ns 
OCE 


T 
(2) 
RESET/OE to CEO Delay 
35 
35 
ns 
OCE 


Memory 
Size 
Ordering 
Code 
Package 
Operation 
Range 


512K 
AT17C512-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17C512-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


1M 
AT17C010-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17C010-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


Memory 
Size 
Ordering 
Code 
Package 
Operation 
Range 


512K 
AT17LV512-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17LV512-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


1M 
AT17LV01 0·1 OJC 
20J 
Commercial 


(O°C to 70°C) 


AT17LV010-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


Package 
Type 


20 Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 
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Features 


• Serial EEPROM Family for Configuring 
Altera FLEX~ 10K Devices 


• Simple, Easy-to-use 4-pin Interface 
• EE Programmable 
1M Bit Serial Memories Designed To Store Configuration 
Programs 


For Programmable 
Gate Arrays 


• Cascadable To Support Additional 
Configurations 
or Future Higher-density 
Arrays 


• Low-power 
CMOS EEPROM Process 


• Programmable 
Reset Polarity 


• Available in the Space-efficient 
Surface-mount 
PLCC Package 


• In-System Programmable 
Via 2-Wire Bus 


• Emulation of 24CXX Serial EPROMs 
• Available in 3.3V ± 10% LV and 5V ± 5% C Versions 


Description 


The AT17C512/010A 
and AT17LV512/010A 
(AT17A 
Series) 
FPGA 
Configuration 


EEPROMs 
(Configurators) 
provide 
and easy-to-use, 
cost-effective 
configuration 


memory 
for programming 
Altera FLEX Field Programmable 
Gate Arrays, 
FPGA, (the 


"devices"). 
The AT17A 
Series is packaged 
in the popular 
20-pin PLCC package. 
The 


AT17A 
Series family uses a simple serial-access 
procedure 
to configure 
one or more 


FPGA devices. 
The AT17 A Series organization 
supplies 
enough 
memory to configure 


one or multiple 
smaller 
FPGAs. Using a special feature 
of the AT17A 
Series, the user 


can select the polarity 
of the reset function 
by programming 
an EEPROM 
byte. The 


AT17C/LV512/010A 
parts generate 
their own internal clock and can be used as a sys- 


tem "master" for loading the FPGA devices. 


The Atmel 
devices 
also supports 
a system 
friendly 
READY 
pin and a write 
protect 


mechanism. 
The READY pin is used to simplify system 
power-up 
considerations. 
The 


WP1 pin is used to protect part of the device memory 
during in-system 
programming. 


The AT17A 
Series can be programmed 
with industry standard 
programmers. 


Pin Configurations 


2D-Pin PLCC 
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FPGA Serial 
Configuration 
Memories 


AT17C512A 
AT17LV512A 
AT17C010A 
AT17LV010A 
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PROGRAMMING 
DATA 
SHIFT 
REGISTER 


EEPROM 
CELL 
MATRIX 


Device Configuration 


The control 
signals for configuration 
EEPROMs-nCS, 
OE, 
and DCLK-interlace 
directly 
with the FPGA device control 
signals. 
All FPGA devices 
can control the entire configura- 
tion 
process 
and 
retrieve 
data 
from 
the 
configuration 
EEPROM 
without 
requiring 
an external 
intelligent 
control- 
ler. 


The configuration 
EEPROM 
device's 
OE and nCS pins 
control 
the tri-state 
buffer 
on the DATA 
output 
pin and 
enable the address 
counter 
and the oscillator. 
When OE is 
driven 
low, the configuration 
EEPROM 
device 
resets 
the 
address 
counter 
and tri-states 
its DATA pin. The nCS pin 
controls the output of the AT17A 
Series. If nCS is held high 
after the OE reset pulse, 
the counter 
is disabled 
and the 
DATA output pin is tri-stated. 
When 
nCS is driven low, the 
counter and the DATA output pin are enabled. When OE is 
driven 
low again, 
the address 
counter 
is reset 
and the 
DATA output pin is tri-stated, 
regardless 
of the state of the 
nCS. 


When 
the configurator 
has driven 
out all of its data and 
nCASC 
is driven low, the device tri-states 
the DATA pin to 
avoid contention 
with other configurators. 
Upon power-up, 
the address counter 
is automatically 
reset. 


FPGA Device Configuration 
FPGA 
devices 
can be configured 
with an AT17A 
Series 
EEPROM. 
The AT17A 
Series 
device 
stores 
configuration 
data in its EEPROM 
array and clocks the data out serially 
with its internal 
oscillator. 
The OE, nCS, and DCLK 
pins 
supply 
the control 
signals for the address 
counter 
and the 
output 
tri-state 
buffer. 
The AT17 A Series 
device 
sends 
a 
serial bitstream 
of configuration 
data to its DATA pin, which 
is connected 
to the DAT AO input pin on the FPGA device. 


When 
configuration 
data for a FPGA device 
exceeds 
the 
capacity 
of a single AT17A 
Series device, 
multiple 
AT17A 
Series devices 
can be serially linked together. 
When multi- 
ple AT17A 
Series 
devices 
are required, 
the nCASC 
and 
nCS pins provide 
handshaking 
between 
the AT17A 
Series 
devices. 


The position 
of an AT17 A Series 
device 
in a chain deter- 
mines 
its operation. 
The first 
AT17 A Series 
device 
in a 
Configurator 
chain is powered 
up or reset with nCS low and 
is configured 
for 
FPGA 
devices 
protocol. 
This 
AT17A 
Series 
device 
supplies 
all clock 
pulses 
to one or more 
FPGA devices 
and to any downstream 
AT17A 
Series dur- 
ing configuration. 
The first AT17 A Series 
device 
also pro- 
vides the first stream 
of data to the FPGA devices 
during 


multi-device 
configuration. 
Once 
the first 
AT17A 
Series 
device 
finishes 
sending 
configuration 
data, 
it drives 
its 
nCASC 
pin low, which 
drives 
the nCS pin of the second 
AT17A Series device low. This activates 
the second AT17A 
Series 
device 
to send 
configuration 
data 
to the 
FPGA 
device. 


The first AT17A Series device clocks all subsequent 
AT17A 
Series 
devices 
until 
configuration 
is complete. 
Once 
all 
configuration 
data 
is transferred 
and 
nCS 
on the first 


Figure 
1. FPGA Device Configured 
with Two AT17A Series Devices 


VCC 


AT17A 
Series 
device 
is driven 
high by CONF _DONE 
on 
the FPGA devices, 
the first AT17 A Series device clocks 16 
additional 
cycles 
to initialize 
the FPGA 
device. 
Then 
the 
first AT17A 
Series device goes into zero-power 
(idle) state. 


If nCS on the first 
AT17 A Series 
device 
is driven 
high 
before all configuration 
data is transferred-or 
if the nCS is 
not driven 
high after all configuration 
data is transferred- 
the nSTATUS 
is driven low, indicating 
a configuration 
error. 
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1KQ 
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DCLK 
DCLK 
DCLK 
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Pin Number 
(20·Pin 
PLCC) 
Pin Name 
Pin Type 
Description 


2 
DATA 
Output 
Serial 
data output. 


4 
DCLK 
I/O 
Clock output 
or clock 
input. 
Rising 
edges 
on DCLK 
increment 
the internal 
address 
counter 
and present 
the next bit of data to the DATA pin. The counter 
is incremented 


only if the OE input is held high, the nCS input is held low, and all configuration 
data 


has not been transferred 
to the target 
device 
(otherwise, 
in FPGA 
10K master 
mode, 


the DCLK 
pin drives 
low). 


5 
WP1 
Input 
WRITE 
PROTECT 
(1). Used to protect 
portions 
of memory 
during 
programming. 
See 


programming 
guide 
for details. 


8 
RESET/OE 
Input 
Output 
enable 
(active 
high) and reset (active 
low). A low logic level resets the address 


counter. 
A high logic level enables 
DATA and permits 
the address 
counter 
to count. 
In 


the mode, 
if this pin is low (reset), 
the internal 
oscillator 
becomes 
inactive 
and DCLK 


drives 
low. 


9 
nCS 
Input 
Chip select 
input (active 
low). A low input allows 
DCLK to increment 
the address 


counter 
and enables 
DATA to drive out. If the AT17 A Series 
is reset with nCS low, the 


device 
initializes 
as the first device 
in a daisy-chain. 
If the AT17A 
Series 
is reset with 


nCS high, the device 
initializes 
as the next AT17A 
Series 
device 
in the chain 


10 
GND 
Ground 
A 0.2 ~F decoupling 
capacitor 
should 
be placed 
between 
the Vcc and GND pins. 


12 
nCASC 
Output 
Cascade 
select 
output 
(active 
low). This output 
goes low when 
the address 
counter 


has reached 
its maximum 
value. 
In a daisy-chain 
of AT17A 
Series 
devices, 
the 


nCASC 
pin of one device 
is usually 
connected 
to the nCS input pin of the next device 


in the chain, 
which 
permits 
DCLK to clock data from the next AT17A 
Series 
device 
in 
the chain. 


A2 
Input 
Device 
selection 
input, A2. This is used to enable 
(or select) 
the device 
during 


programming, 
when 
SER_EN 
is Low (see Programming 
Guide 
for more details) 


15 
READY 
Output 
Open collector 
reset state indicator. 
Driven 
Low during 
power-up 
reset, 
released 
when 


power-up 
is complete. 
(Recommend 
a 4.7KO 
Pull-up 
on this pin if used). 


18 
SER_EN 
Input 
Serial 
enable 
is normally 
high during 
FPGA loading 
operations. 
Bringing 
SER_EN 


Low, enables 
the two wire serial 
interface 
mode for programming. 


20 
Vcc 
Power 
Power 
pin. 


Absolute 
Maximum 
Ratings* 


Operating 
Temperature 
-55°C 
to +125°C 
'NOTICE: 
Stresses 
beyond 
those 
listed 
under 
Absolute 
Maxi- 


mum Ratings 
may cause 
permanent 
damage 
to the 


device. 
These 
are stress 
ratings 
only, and functional 
operation 
of the device 
at these 
or any other 
condi- 
tions beyond 
those 
listed under 
Operating 
Conditions 


is not implied. 
Exposure 
to Absolute 
Maximum 
Rat- 


ings conditions 
for extended 
periods 
of time may 
affect device 
reliability. 


Voltage 
on Any Pin 


with Respect 
to Ground 
.........••.................. 
-O.lV 
to Vcc + 0.5V 


AT17CXXXA 
AT17LVXXXA 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


Commercial 
Supply 
voltage 
relative 
to GND 
4.75 
5.25 
3.0 
3.6 
V 
-O°C to +70°C 


Vcc 
Industrial 
Supply 
voltage 
relative 
to GND 
4.5 
5.5 
3.0 
3.6 
V 
-40°C to +85°C 


Military 
Supply 
voltage 
relative 
to GND 
4.5 
5.5 
3.0 
3.6 
V 
-55°C 
to + 125°C 


AlmEL 


• 


AlmEL 


DC Characteristics 
vcc = 5V ± 5% Commercial 
/ 5V ± 10% Ind.lMil. 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(loH = -4 mAl 
3.7 
V 


Commercial 


VOL 
Low-level 
output 
voltage 
(I0L = +4 mAl 
0.32 
V 


VOH 
High-level 
output 
voltage 
(IoH = -4 mAl 
3.6 
V 


Industrial 


VOL 
Low-level 
output 
voltage 
(IoL = +4 mAl 
0.37 
V 


VOH 
High-level 
output 
voltage 
(IOH= -4 mAl 
3.5 
V 


VOL 
Low-level 
output 
voltage 
(I0L = +4 mAl 
Military 
0.4 
V 


ICCA 
Supply 
current, 
active 
mode 
10 
mA 


IL 
Input or output 
leakage 
current 
(V1N= Vcc or GND) 
-10 
10 
IlA 


Commercial 
150 
~A 


Iccs 
Supply 
current, 
standby 
mode AT17010Al512A 
Industrial/Military 
150 
~A 


DC Characteristics 


Vcc = 3.3V ± 10% 


Symbol 
Description 
Min 
Max 
Units 


V1H 
High-level 
input voltage 
2.0 
Vcc 
V 


V1L 
Low-level 
input voltage 
0 
0.8 
V 


VOH 
High-level 
output 
voltage 
(I0H = -2.5 mAl 
2.4 
V 


Commercial 
VOL 
Low-level 
output 
voltage 
(loL = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(loH = -2 mAl 
2.4 
V 


Industrial 


VOL 
Low-level 
output 
voltage 
(IoL = +3 mAl 
0.4 
V 


VOH 
High-level 
output 
voltage 
(I0H = -2 mAl 
2.4 
V 


VOL 
Low-level 
output 
voltage 
(IoL = +2.5 mAl 
Military 
0.4 
V 


ICCA 
Supply 
current, 
active 
mode 
5 
mA 


IL 
Input or output 
leakage 
current 
(V1N= Vcc or GND) 
-10 
10 
~A 


Commercial 
50 
~A 
Iccs 
Supply 
current, 
standby 
mode 
IndustriaVMilitary 
50 
~A 


• 
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Commercial 
Industrial/Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
30 
35 
ns 
OE 


T 
(2) 
nCS to Data Delay 
45 
45 
ns 
CE 


T 
(2) 
ClK 
to Data Delay 
50 
55 
ns 
CAC 


T 
(2) 
Data Hold From nCS, OE. or DClK 
0 
0 
ns 
OH 


T 
(3) 
nCS or OE to Data Float Delay 
50 
50 
ns 
DF 


TLC 
ClK 
low 
Time Slave Mode 
20 
20 
ns 


THC 
ClK 
High Time 
Slave Mode 
20 
20 
ns 


TSCE 
nCS Setup Time to DClK 
(to guarantee 
proper 
counting) 
20 
25 
ns 


THCE 
nCS Hold Time 
to DClK 
(to guarantee 
proper 
counting) 
0 
0 
ns 


THOE 
OE High Time 
(Guarantees 
Counter 
Is Reset) 
20 
20 
ns 


FMAX 
MAX Input Clock 
Frequency 
Slave 
Mode 
15 
15 
MHz 


TLC 
ClK 
low 
Time 
Master 
Mode 
30 
250 
30 
250 
ns 


THC 
ClK 
High Time 
Master 
Mode 
30 
250 
30 
250 
ns 


VRDY 
Ready 
Pin Open 
Collector 
Voltage 
1.2 
2.4 
1.2 
2.4 
V 


AC Characteristics 
for AT17C01 OAl512A When Cascading 


Vcc = 5V ± 5% 
Commercial 
/ Vcc = 5V ± 10% 
Ind.lMil. 


Commercial 
Industrial/Military 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(3) 
DClK 
to Data Float Delay 
50 
50 
ns 
CDF 


T 
(2) 
DClK 
to nCASC 
Delay 
35 
40 
ns 
OCK 


T 
(2) 
CE to nCASC 
Delay 
35 
35 
ns 
OCE 


T 
(2) 
OE to nCASC 
Delay 
30 
30 
ns 
OOE 


1. 
Preliminary 
specifications 
for military 
operating 
range only. 


2. 
AC test load = 50 pF. 


3. 
Float delays 
are measured 
with 5 pF AC loads. 
Transition 
is measured 
± 200 mV from steady 
state active 
levels. 


AC Characteristics 
for AT17C01 OAl512A 


vcc = 3.3V ± 10% Commercial 
/ Vcc = 3.3V ± 10% Ind./Mil 


Commercial 
IndustriaVMilitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
(2) 
OE to Data Delay 
50 
55 
ns 
OE 
T 
(2) 
nCS to Data Delay 
55 
60 
ns 
CE 
T 
(2) 
ClK to Data Delay 
60 
65 
ns 
CAC 
T 
(2) 
Data Hold From nCS, OE, or DClK 
0 
0 
ns 
OH 
T 
(3) 
nCS or OE to Data Float Delay 
50 
50 
ns 
OF 


TLc 
ClK low Time Slave Mode 
25 
25 
ns 


THC 
ClK High Time Slave Mode 
25 
25 
ns 


TSCE 
nCS Setup Time to DClK (to guarantee proper counting) 
35 
40 
ns 


THCE 
nCS Hold Time to DClK (to guarantee proper counting) 
0 
0 
ns 


THOE 
OE High Time (Guarantees Counter Is Reset) 
20 
20 
ns 


F 
(4) 
MAX Input Clock Frequency Slave Mode 
15 
10 
MHz 
MAX 


TLc 
ClK low Time Master Mode 
30 
300 
30 
300 
ns 


THC 
ClK High Time Master Mode 
30 
300 
30 
300 
ns 


VRrJY 
Ready Pin Open Collector Voltage 
1.2 
2.4 
1.2 
2.4 
V 


AC Characteristics 
for AT17C01 OAl512A When Cascading 


Vcc = 3.3V ± 10% Commercial 
/ Vcc =3.3V ± 10% Ind./Mil. 


Commercial 
IndustriaVMilitary 


Symbol 
Description 
Min 
Max 
Min 
Max 
Units 


T 
COF 
(3) 
DClK to Data Float Delay 
50 
50 
ns 


T 
(2) 
DClK to nCASC Delay 
50 
55 
ns 
OCK 
T 
(2) 
CE to nCASC Delay 
35 
40 
ns 
OCE 
T 
(2) 
OE to nCASC Delay 
35 
35 
ns 
OOE 


Notes: 
1. 
Preliminary specifications for military operating range only. 


2. 
AC test load = 50 pF. 


3. 
Float delays are measured with 5 pF AC loads. Transition is measured ± 200 mV from steady state active levels. 


4. 
During cascade FMAX = 12.5 MHz 
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Memory 
Size (K) 
Ordering 
Code 
Package 
Operation 
Range 


512K(1) 
AT17C512A-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17C512A-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


1M 8it(2) 
AT17C01 OA-1 OJC 
20J 
Commercial 


(O°C to 70°C) 


AT17C01 OA-1 OJI 
20J 
Industrial 


(-40°C 
to 85°C) 


Memory 
Size (K) 
Ordering 
Code 
Package 
Operation 
Range 


512K(1) 
AT17LV512A-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17LV512A-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


1M 8it(2) 
AT17LV010A-10JC 
20J 
Commercial 


(O°C to 70°C) 


AT17LV010A-10JI 
20J 
Industrial 


(-40°C 
to 85°C) 


Notes: 
1. 
Use 512K density 
parts to replace 
Altera 
EPC1441. 


2. 
Use 1M density 
parts to replace 
Artera EPC1 


Package 
Type 


20-Lead, 
Plastic 
J-Leaded 
Chip Carrier 
(PLCC) 


Product 
Selection 
Information 
• 
------- 


_S_er_ia_I_E_E_P_R_O_M_S 
_ 


_P_ar_a_lI_e_1 
E_E_P_R_O_M_S 
_ 


_D_a_ta_F_la_s_h_® 
_ 
• 


FPGA 
Configuration 
Memories 


• 


_D_ie_p_r_o_d_u_c_ts 
_ 
• 


Miscellaneous 
Information 
• 
-------------------- 


Military 


Package 
Outlines 


------- 
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It seems like such a simple request - to 
get what you want, 
when you want it, 


and for a reasonable 
price. However, in 


the complex world of integrated circuits, 
thousands 
of factors 
influence 
the 


design 
and manufacture 
of a part and 


can affect how the device will perform. At 
Atmel, every employee 
is committed 
to 


making sure the customer 
gets what he 


wants. 
From the executive 
level 
and 
throughout 
the organization, 
the Com- 
pany's goal is one hundred percent cus- 
tomer satisfaction. 


To achieve this goal, Atmel's employees 
have developed 
the philosophy, 
struc- 
ture, training and tools necessary to sus- 


tain product 
quality 
and reliability. 
The 
result is two interrelated 
functions, 
one 
dedicated 
to quality and one dedicated 
to reliability. The "thread" that ties these 
functions to each other and to the rest of 
the 
Company 
is 
the 
Continuous 
Improvement Process. 


Atmel's corporate philosophy of continu- 
ous improvement 
insures 
that you get 


not only high quality, 
reliable 
devices, 


but that every group within the Company 
is operating 
with your requirements 
in 
mind. Atmel's 
hall-mark 
is excellence: 


quality and reliability from its circuits and 
service from its employees. 


Continuous 


Improvement 
Process 


Reliability 
Assurance 


Reliability 


Improvement 


General Quality 
Specifications 


Quality 
Control 


AlmEL 


A1IDEL 
______ 
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Atmel's Policy 
on Quality 


Application 
Note 
• 


ISO 9000 Certification 


Certification 
to ISO 9001 and ISO 9002 for product 
design 


and Manufacturing 
Processes 
is just one example 
of how 
Atmel strives to meet the needs of its customers 
around the 
world. 


Certification 
is not easy 
and it is the result 
of an ever- 
present 
commitment 
to quality, 
reliability, 
and continuous 
improvement. 


Atmel's commitment 
to ISO 9000 extends to our major con- 
tractors 
and distributors 
as well. Most are ISO 9000 certi- 
fied. 
Atmel 
is continuing 
to work 
with others 
to become 
certified. 


Continuous 
Improvement 


Accepting 
the Malcolm 
Baldrige 
National 
Quality 
Award, 
one recipient 
said that "we are in a race without 
a finish 
line." That is a good synopsis 
of Atmel's 
philosophy 
of con- 
tinuous 
improvement. 
The key responsibility 
of the execu- 
tives, 
managers 
and employees 
of Atmel 
is to constantly 
and forever 
improve 
the quality 
of products 
and services 
delivered. 


The Company's 
objectives 
include providing 
the leadership 
and training 
required 
to sustain 
a process 
of continuous 
quality 
improvement; 
implementing 
a total quality 
system 
that will allow 
Atmel 
to compete 
for and win the Malcolm 


Atmel's 
Continuous 
Improvement 
Process 


Quality 
Improvement 
Teams 
(QIT.) 


Quality 
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Baldrige National Quality Award; implementing 
and utilizing 
SPC throughout 
the organization; 
and understanding 
and 
integrating 
the concepts 
of "six sigma" 
into the culture 
and 
processes. 


In the past, the organization 
has gone through 
formaltrain- 
ing in the Crosby 
14-Step 
Quality 
Program; 
the Alamo 
Problem 
Solving, 
Planning 
and Decision 
Making 
Program; 


General 
Quality 
Specifications; 
Statistical 
Process 
Control 
(SPC); 
Statistical 
Design 
of Experiments 
(DOE); 
and in- 
house training for managerial 
and supervision 
skills. 


Today, training 
continues 
with an emphasis 
on SPC, DOE, 
six sigma 
concepts 
and team 
building. 
The figure 
below 
represents 
the steps 
Atmel 
has already 
taken 
along 
the 
journey 
of continuous 
improvement. 
Each year, new orga- 
nizational 
goals and functional 
strategies 
elevate the Com- 
pany's level of quality even higher. 


In addition 
to training, 
the journey 
of continuous 
improve- 
ment involves 
integrating 
SPC, DOE, just-in-time 
(JIT) and 
other 
techniques 
into everyday 
operations. 
Use of these 
techniques 
throughout 
the corporation, 
not just in manufac- 
turing, 
is proof 
of Atmel's 
commitment 
to continuous 
improvement. 
Whether 
it is order entry, 
wafer fabrication, 
review of customer 
specifications, 
government 
compliance 
testing 
or even returning 
a customer's 
phone 
call, Atmel 
strives for "zero defects." 


Quality 
Functional 
Deployment 


Effective 
Problem 
Solving 


More 
Networ1<. 
& 
Standards 


-------------- 
Quality 


Statistical 
Process Control 


Control 
of process 
parameters 
is the heart of Atmel's 
con- 


tinuous 
improvement 
system. 
8PC involves the portrayal 
of 


process 
parametric 
values 
in a graphical 
form to display 


whether an operation 
is in control or out of control. Through 


experimentation 
and evaluation, 
upper 
and lower control 


limits are established 
for each parametric 
value of a given 


process 
step. The parametric 
values are charted 
on a con- 


tinual 
basis 
and the result 
is an easy-to-interpret 
graph 


which 
allows for immediate 
corrections 
or adjustments 
by 


the person 
closest 
to the operation. 
This type 
of quality 


measurement 
can 
be applied 
to almost 
any operation 


within the Company. 


Currently 
over 500 8PC 
charts 
are monitored 
throughout 


wafer fabrication, 
test and packaging 
operations. 
Used at 


crucial 
points in the fabrication 
process, 
8PC insures 
com- 


pliance 
with pre-set 
control 
limits. 
Measurements 
taken 
at 


critical steps in the process are used in the development 
of 
engineering 
models and applied to current design. 
Process 
8PC data is monitored 
to insure the integrity 
of each wafer 


and the resulting 
statistics 
are used to constantly 
improve 
the process. 


Statistical 
Design of Experiments (DOE) 
The DOE technique 
has been successfully 
used for many 


years 
by the agriculture 
and chemical 
industries. 
Only 


recently 
has the technique 
been used in high-technology 


industries. 


Using 
DOE, 
various 
problems 
can 
be solved 
simulta- 


neously by determining 
variables 
that are statistically 
signif- 


icant, 
interaction 
between 
variables 
and the amount 
of 


variation 
possible 
in the 
process 
or product. 
DOE 
can 


greatly 
reduce 
the time required 
for process 
qualification 


and optimization. 
This is especially 
useful in wafer fabrica- 


tion where 
quality 
depends 
on the interaction 
of hundreds 


of different 
process 
steps and materials. 


When 
DOE is coupled 
with 
computer-aided 
design 
and 
process 
models, 
it can be used to predict relationships 
and 
outcomes 
by running 
experiments. 
Actual experiments 
are 


run on only those processes 
which show the most promise. 


Example 
of a Process 
Control 
Chart 


Upper 
Control 
Limit 


Center 
Line 


Lower 
Control 
Limit 


This, in turn, 
reduces 
the time and cost of designing 
new 


products 
and processes 
or improving 
existing ones. 


Just-in-time 
The concept 
of receiving 
products 
exactly 
when they are 


needed 
for the system 
is what JIT is all about. 
In order for 


this technique 
to succeed, 
however, 
a significant 
commit- 


ment is made by both the supplier 
and the customer. 
JIT 


implies 
a partnership 
that 
gives 
the 
customer 
quality 


devices, 
reliable 
deliveries 
and lower costs compared 
with 


carrying 
inventory. 
Atmel 
performs 
design 
and fabrication 


tasks with such predictability 
that circuits may go directly to 


the customer's 
work floor, eliminating 
incoming 
inspection. 


The Payoff 
Quality 
and reliability 
at Atmel 
cannot 
be separated 
from 


the life cycle of the product. 
The Company 
recognizes 
that 


quality and reliability 
must be maintained 
at all levels of the 


organization 
and must be constantly 
improved. 
Through 


continuous 
improvement 
and a focus on customer 
require- 


ments, Atmel has established 
dock-to-stock 
programs 
with 


several 
high-performance 
computer 
and military 
system 


companies. 


The bottom 
line for Atmel 
customers 
is lower system 
Iife- 


cycle cost and faster 
time-to-market. 
Atmel's 
culture 
puts 


customer 
requirements 
and 
continuous 
improvement 


above all else, insuring that indeed you get what you want, 
when you want it, and at a reasonable 
price. 


Atmel's 
Quality System 
• 


The foundation 
of Atmel's 
quality 
system 
is 180-9001 
and 
MIL-8TD-883. 
These 
specifications 
are translated 
into 
company 
policies covering 
all areas of design, qualification, 


manufacturing 
and customer 
service. 
Atmel has chosen 
to 


operate 
to the high standards 
of the military 
in order 
to 
meet 
or exceed 
the needs 
of commercial 
and industrial 
customers. 
The Company's 
employees 
are trained, 
certi- 


fied and audited 
on these 
policies, 
which 
are outlined 
in 
Atmel's 
Quality Manual. 


------------------------------------------------~ 
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Quality Control 


Atmel's quality efforts focus on the customer 
and their sys- 
tem. 
For example, 
through 
strict 
allention 
to customers' 
component 
and system 
requirements 
Atmel 
has achieved 
preferred 
supplier 
status. 
To attain 
this level of customer 
confidence 
the Company 
demonstrates 
a commitment 
to 
quality 
control 
in all areas 
of the operation. 
This includes 
purchase 
control, 
in-process 
quality 
control, 
and statistical 
quality control. 


Purchase 
Control 
Every manufacturing 
process 
relies on its raw materials, 
and incoming 
inspection 
plays a vital role in the quality 
of 
those raw materials. 
At Atmel, 
incoming 
inspection 
is sup- 
plemented 
by supplier 
audits, 
historical 
review 
of supplier 
quality and insistence 
that suppliers 
use SPC. 


In-process 
Quality 
Control 
Once 
raw materials 
are controlled, 
the processes 
that 
transform 
them into a final product must also be controlled. 
This is done through 
inspection 
of product at critical, interim 
stages 
of manufacturing. 
Also included 
is the auditing 
of 
personnel 
and operations 
to insure that the proper 
proce- 
dures are being followed. 


Statistical 
Quality Control 
Immediate 
action 
is taken 
by the manufacturing 
organiza- 
tion when discrepancies 
are found during an inspection. 
At 
Atmel, 
a typical 
discrepancy 
results 
in permanent 
correc- 
tive action. 


However, 
another 
vital 
function 
of quality 
control 
is the 
reporting 
of longer-term 
trends 
and statistics 
based 
upon 
individual 
control functions. 
Statistical 
quality control can be 
used to highlight 
increases 
in defects 
or errors in a depart- 
ment, for example. 
Atmel uses this information 
to take pre- 
ventative 
action when a negative 
trend is detected. 


Audits 
Atmel maintains 
a self-audit 
group that continually 
monitors 
compliance 
to internal 
procedures 
and to customer 
specifi- 
cations. 
The findings 
of this group are routinely 
reported 
to 
management 
to insure that adequate 
corrective 
actions are 
taken for any deficiencies. 


Understanding 
Reliability 


For integrated 
circuits, 
reJiability 
is commonly 
defined 
as 
the probability 
that a device will operate properly for a given 
period of time, under specific 
environmental 
and electrical 
conditions. 
Although 
various 
methods 
exist for expressing 
reliability, 
it is most commonly 
presented 
in terms of proba- 
bility of failure. 


Reliability Modeling 
Applying 
test data to general 
failure 
distribution 
curves, 
such as Weibull 
or lognormal 
curves, requires that the data 
fit the distribution 
and that 
the model 
is physically 
and 


Quality 
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mathematically 
reasonable 
with 
respect 
to the failure 
mechanism. 
Developing 
an accurate 
reliability 
model 
requires 
consideration 
of non-test-related 
failures 
as well 
as unidentified 
failure 
mechanisms. 
Atmel's 
reliability 
pro- 
gram is built on an understanding 
of the assumptions 
and 
restrictions 
inherent 
in practical 
reliability 
testing. 


Design for Reliability 
Many 
reliability 
concerns 
can be minimized 
with 
proper 
design techniques. 
For example 
ESD, which contributes 
to 
production 
yield loss and is a potential 
reliability 
problem, 
can be reduced 
or eliminated 
through 
the establishment 
of 
adequate 
design 
rules. 
Atmel's 
reliability 
assurance 
sys- 
tems insure 
that data taken from actual 
product 
testing 
is 
fed back to design 
groups 
for verification 
of models 
and 
design rule updates. 


Reliability Assurance Concepts 


Accelerated 
Testing 
During 
its life cycle, 
an integrated 
circuit 
passes 
through 
three distinct 
phases 
which are best defined 
by the failure 
rate of the device. 
In order to determine 
the actual interval 
associated 
with each phase, a significant 
number 
of cumu- 
lative failures 
(usually 
50 percent) 
must be observed. 
Due 
to the dramatically 
small failure 
rates of integrated 
circuits, 
testing 
under normal operating 
conditions 
provides 
little or 
no useful data for forecasting 
reliability. 
An alternative 
is to 
increase 
stress levels above 
normal, 
thereby 
accelerating 
the development 
of failure 
mechanisms 
over time. 
Deter- 
mining proper stress conditions 
that lead to realistic failures 
(those 
that could 
occur 
under 
normal 
conditions) 
without 
introducing 
unwanted 
mechanisms 
is a primary 
concern 
of 
the Reliability 
Engineer. 


Atmel's 
Reliability 
group uses a variety of tests designed 
to 
accelerate 
specific 
failures 
and reduce 
the probability 
of 
spurious 
results. 
Variables 
such as temperature, 
voltage, 


currents, 
humidity 
and radiation 
can be controlled 
during 
testing 
to influence 
operational 
parameters 
of the device. 
Stress 
also can be selectively 
increased 
to affect 
specific 
circuit elements. 
To quantify the degree of failure accelera- 
tion due to increased 
stress, the industry 
has developed 
a 
number of physical 
models. 
By utilizing these models, 
rela- 
tively 
short-term, 
high-stress 
test results 
can be used to 
predict 
device 
performance 
under normal 
operating 
condi- 
tions. 


Failure Rates 
Because 
the failure 
rate of an integrated 
circuit varies dur- 
ing its life span, product 
reliability 
is best described 
as the 
failure 
rate of units operating 
after a specified 
number 
of 
hours. 
This is called 
Instantaneous 
Failure 
Rate, or IFR. 
Other measures 
include Average 
Failure Rate, the average 
of the IFR over a period 
of time, 
and Cumulative 
Failure 
Rate, the total number 
of failures 
occurring 
during 
opera- 
tion. Because 
the integrated 
circuit failure rates are remark- 


---------------- 
__ 
Quality 


ably 
low, 
they 
are 
normally 
measured 
with 
respect 
to 


billions of device 
hours. This value, referred to as a FIT, is 


defined 
as failures 
per one billion 
hours of device 
opera- 
tion. 


Failure 
Mechanisms 
Integrated 
circuit failure 
mechanisms 
can be classified 
as 


either 
process 
anomalies 
or wear-out 
mechanisms. 
Pro- 
cess anomalies 
result from less than ideal process 
condi- 


tions and include 
product 
defects 
such as contamination, 
step 
coverage 
deficiencies 
and electrostatic 
discharge 


(ESD) 
damage. 
Often 
termed 
"quality" 
problems, 
these 


mechanisms 
are 
normally 
detected 
through 
process 


screens 
such 
as visual 
inspection, 
thermal 
cycling 
and 


burn-in. 
Process 
anomalies 
that 
escape 
manufacturing 


screens 
often 
accelerate 
or encourage 
wear-out 
mecha- 
nisms. For example, 
ESD can weaken 
insulating 
oxides or 


thin metallization 
allowing 
dielectric 
breakdown 
or elec- 


tromigration 
failures to occur earlier in the life cycle. 


Wear-out 
mechanisms 
are directly 
related to the useful life 


of device 
materials, 
their physical 
properties, 
and interac- 


tions 
occurring 
at material 
interfaces. 
Because 
wear-out 


mechanisms 
result from intrinsic 
physical 
properties 
of the 


materials, 
reducing 
these failures 
requires 
attention 
at the 


design 
level, strict control 
of process 
variation, 
and use of 


high quality materials 
and composites. 


Of the failure 
mechanisms 
studied 
by Reliability, 
electromi- 


gration, 
time-dependent 
dielectric 
breakdown 
and latch-up 


are the primary concerns. 


ElECTROMIGRATION: 
One of the more 
studied 
prob- 
lems 
in integrated 
circuit 
design 
and production 
is elec- 


tromigration. 
Devices 
utilizing 
aluminum 
conductors 
are 


most susceptible 
to the phenomena. 
Electrons 
flowing 
in 


the conductor 
effectively 
collide 
with 
aluminum 
atoms, 
pushing them away and eventually 
forming 
an open circuit. 


Design, wafer process 
control, 
metal composition, 
temper- 


ature and current 
density 
determine 
how long a device will 


Reliability 
Life (Bathtub) 
Curve 


operate 
before electromigration 
results in a failure. 
Atmel's 
experimental 
electromigration 
models 
and 
associated 
research 
have 
resulted 
in design 
and 
production 
tech- 
niques which decrease 
this risk. One such technique 
adds 


a small 
quantity 
of copper 
to the aluminum. 
This 
greatly 


enhances 
the current 
carrying 
capability 
of the 
metal, 


reducing the occurrence 
of electromigration. 


TIME-DEPENDENT 
DIELECTRIC 
BREAKDOWN: 
Re- 


duced 
dielectric 
strength 
in MOS capacitors 
is caused 
by 
the accumulation 
of electric 
charge 
in a gate oxide, which 
limits the operational 
life of the device. 
Experiments 
per- 
formed 
on CMOS 
and Bipolar 
Enhanced 
MOS (BEMOS) 


devices 
indicate 
that Atmel's 
dielectrics 
and related 
pro- 
cesses 
provide 
excellent 
resistance 
to long-term 
degrada- 


tion and failure, 
even at the high voltage 
levels 
typical 
in 
non-digital 
circuit applications. 


lATCH-UP: 
Latch-up 
in a CMOS device 
allows 
extremely 
high current to flow, often resulting 
in open circuit traces or 
bond wires. 
The condition 
can occur 
in any PNPN 
struc- 
ture. Proper 
design 
and Atmel's 
proprietary 
process 
have 
eliminated 
this problem 
before it occurs. 


The Bathtub Curve 
The traditional 
"bathtub" 
curve used to describe 
the failure 
rate of a product 
is actually a combination 
of two exponen- 


tial failure 
rate models. 
The first model 
begins 
with a high 
failure 
rate and rapidly 
declines 
to a low, nearly 
constant 
level. 
This 
model 
describes 
the early-life 
reliability 
of an 
integrated 
circuit. 
Atmel's 
incoming 
material 
inspection, 


production 
test and process 
controls 
identify 
and remove 
potential 
phase 
one failures 
before they are shipped 
to a 


customer. 
Test and screening 
limits have been established 
through 
characterization 
and qualification 
of the processes 
used in fabrication. 
DOE and SPC are used 
to maintain 
process 
stability 
and repeatability 
throughout 
design, 
prod- 
uct development 
and production. 
• 
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The second model that makes up the "bathtub 
curve" starts 
with a low, relatively 
constant 
failure 
rate and climbs expo- 
nentially 
after some period of time. This is the phase three 
wear-out 
stage where 
mechanisms 
such as electromigra- 
tion and oxide breakdown 
predominate. 
Through 
rigorous 
analysis 
of phase three failures, Atmel has developed 
tech- 
niques 
to optimize 
material 
life. The result is a forestalled 
phase three period and consequently, 
an increased 
phase 
two period. 


By combining 
these two models, 
a bathtub-shaped 
curve 
representing 
the lifetime 
of the product 
is formed. 
The 
nearly flat portion of the curve is the result of a mathemati- 
cal summation 
of the "tails" 
of the two models 
and repre- 
sents phase two. A low, stable failure 
rate is characteristic 
of this stage as failures observed 
during this period are ran- 
dom in nature. These random failures 
are usually the result 
of sudden 
exposure 
to over-stress 
conditions 
or rare occur- 
rences 
of wear-out 
type mechanisms. 
Devices 
shipped 
to 
the customer 
are in this stable portion of their lifetime. 


Manufacturing 
for Quality and 
Reliability 


All ceramic 
Atmel 
products 
are manufactured 
to the stan- 
dards 
of Military 
Standard 
883D, 
Class 
B through 
wafer 
fabrication 
and assembly 
as shown 
in Figure 
1. The prod- 
ucts then follow 
different 
test flows that correspond 
to the 
different 
classes 
of products that Atmel offers. 


Figure 
1. MIL-STD-883D, 
Class B, Product Flow. 


All ceramic 
Atmel products 
are manufactured 
to these standards. 


Assembly. 
Internal 
Visual Method 
2010 
Condition 
B Mechanical 
Tests 
Method 
2011 and Method 
2019 
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1. 
Commercial 
Grade. This product follows Test Flow 
(1), Figure 2 and is guaranteed 
over the tempera- 
ture range of O°C to +70°C. 


2. 
Industrial 
Grade. This product follows Test Flow (2), 


Figure 3 and is guaranteed 
over the temperature 
range of -40°C to +85°C. 


3. 
Quality Enhancement 
Flow. This product follows 
Test Flow (3), Figure 4 which specifies 
burn-in of 
industrial 
product 
in a standard 
flow. 


4. 
Military Grade. Three classes of military 
products 
are offered by Atmel (MIL-STD-883D, 
Class B stan- 
dard product, 
Standard 
Military 
Drawing (SMD) 
product, 
and Source Control Drawing 
(SCD) prod- 


uct). The Military Section discusses 
test procedures 
for these products 
in detail. 


The Payoff 


The focus of Atmel's quality and reliability 
efforts is the cus- 


tomer 
and his system. 
The common 
goals of highest 
field 
reliability 
and lowest 
system 
life cycle 
cost are achieved 
through 
close working 
relationships 
using programs 
such 
as "ship to stock", "just in time", and "failure trend analysis". 
Under these programs 
incoming 
Atmel 
circuits 
go straight 
to the customers' 
workfloors-they 
do not go through 
an 
incoming 
inspection 
cycle. 
This, of course, 
lowers 
manu- 
facturing 
costs and is a testimony 
of the trust that has been 
established. 
In addition, 
long term field failures 
are ana- 


lyzed so that corrective 
action plans can be implemented. 


Atmel 
has developed 
programs 
such as these 
with many 
major customers. 


Quality 
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Dynamic 
Bum-In 


Hermetic 
+1S0·C 180 Hours 
Plastic +12S·C 1160 Hours 


Post Bum-In 
Electricals 
2S·C 
(Extended 
Temperatures 
for 
Industrial 
or Military 
Devices) 


QA External 
Visual 
S/S = 2210 


QA Electrical 
Test 2S·C 
S/S = 116/0 


QA Lead Check 
Sample 
S/S = 116/0 


Quality 


FPGA Configuration 
Memories 
• 
-------- 
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Section 7 
Military 
Manufacturing 
and Test Overview 
of Military 
Products 
7-3 
Standard 
Microcircuit 
Drawing 
Product Offering 
7-7 
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Atmel is committed 
to producing 
prod- 


ucts to the highest 
quality 
standards 


achievable 
through 
the constant 
use of 


Statistical 
Process 
Control 
techniques 


and a very active Continuous 
Improve- 


ment System. These systems 
influence 


the entire product life cycle from the ini- 
tial product definition, through the subse- 
quent 
product 
design 
and fabrication 


process, to the final test procedures. 


Assembly 
and Screening 


Without regard for the products' final end 
use all wafers 
produced 
by Atmel 
are 


fabricated 
with the assumption 
that they 


are destined 
for high reliability 
applica- 
tions in the military 
marketplace. 
After 


fabrication, 
products 
directed 
towards 
use by the military will enter into special 
flows, beginning with the assembly oper- 
ation, that will insure full compliance 
for 


class B microcircuits 
in accordance 
with 


1.2.1 of Mll-STD-883, 
"Provisions 
for 


the use of Mll-STD-883 
in conjunction 


with compliant non-JAN devices." 


Figure 
1 and 2 illustrate 
the standard 
flow for military products. 
It conforms to 
the requirements 
set forth in Mil-STD- 


883 method 5504. 


Quality Conformance 
Inspection 


As shown in Table 1, Atmel performs all 
the quality 
conformance 
inspections 
specified by Mll-STD-883 
method 5005 


for 
class 
B products. 
This 
testing 


includes 
Groups A and B on each indi- 


vidual inspection lot and Groups C and D 
on a periodic basis as defined 
in Mll-l- 


38535, Appendix A. 


lot 
specific Group A, Group B and pre- 


conditioning 
data and generic 
Group C 
and Group D data are available for cus- 
tomer procurement. 


Military Product Programs 


Atmel offers three programs for the pro- 
curement of military products: 


(1) MIL-STD-883, 
Class B Program 
Products procured to Atmel's 
Mil-STD- 
883 program 
are fully 
compliant 
with 
Mll-STD-883 
paragraph 
1.2.1, with no 
exceptions. 
These products are catego- 


rized as Atmel standard 
"883" products 
and may be procured 
by specifying 
the 
Atmel 
part number 
appended 
with the 
suffix /883. A Certificate 
of Compliance 
(C of C) is enclosed with each shipment. 
Refer to the product's data sheet for spe- 
cific ordering information. 


Figure 1. Mll-STD-883, 
Class B, Product Flow. 


All Atmel products are manufactured 
to these standards. 


Assembly. 
Internal 
Visual Method 
2010 


Condition 
B Mechanical 
Tests 
Method 
2011 and Method 
2019 
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(2) Standard 
Microcircuit 
Drawing 
(SMD) Program 


Products procured to the Standard 
Microcircuit 
Drawing are 


class 
B products 
fully compliant 
with MIL-STD-883 
para- 


graph 
1.2.1. In addition, 
these 
products 
are in full compli- 
ance with the applicable 
Standard 
Microcircuit 
Drawing. 
Atmel's 
test philosophy 
is to screen 
and test both Atmel 


Standard 
/883 products 
and products 
ordered 
by the SMD 


number identically. 


Section 
2, Table 
1 lists 
currently 
approved 
Atmel 
SMD 


parts, 
organized 
by their Atmel 
part number. 
Section 
2, 


Table 
2 lists currently 
approved 
Atmel 
SMD parts, 
orga- 


nized by their SMD number. 


Figure 
2. Test Flow (3), MIL-STD-883, 
Class B, SMD and SCD Test Flow. 


Environmental 
Preconditioning 
Temperature 
Cycling 


Constant 
Acceleration 
Fine and Gross Leak 


Dynamic Bum-In Method 101S Condition 
D 
160 Hours Min. at + 12S"C 


or 80 hours 
Min. 
at + 1500C 


100% Final Electrical Screening 


PDA= 
S"Ioat +2S"C 


-SS"C, + 12S"C 


Group B Inspection 
Method SOOS 
Review Groups A, C and D Quality 
Conformance 
Inspection 
Documentation 


(3) Source 
Control 
Drawing 
(SCD) Program 


Program 
procured 
to a source 
control 
drawing 
are class B 


products fully compliant 
with MIL-STD-883 
paragraph 
1.2.1 
with optional 
additional 
tests as specified 
by the customer 


drawing. 
Atmel 
must review and accept a customer's 
SCD 


prior to order acceptance 
to assure compliance. 


Group A: Electrical Tests 
Performed 
On Each Lot 


MIL·STD-883 


Screen 
Table 1 SUbgroups 
LTPD 


Static Tests at +25°C 
1 
2 


Static Tests at +125°C 
2 
2 


Static Tests at -55°C 
3 
2 


Dynamic Tests at +25°C 
4 
2 


Function Tests at +25°C 
7 
2 


Function Tests at +125°C 
8A 
2 


Function Tests at -55°C 
8B 
2 


Switching Tests at +25°C 
9 
2 


Switching Tests at +125°C 
10 
2 


Switching Tests at -55°C 
11 
2 


Group B: Assembly Integrity Tests 
Performed 
On Each Lot 


MIL-STD-883 
Quantity 
Screen 
Test Method 
Conditions 
(AcceptNo.or LTPD) 


SUBGROUP 2 
Resistance to Solvents 
2015 
Top and Bottom Marks 
4(0) 


SUBGROUP 3 
Solderability 
2003 
+245°C 
10 


+/-5°C 


SUBGROUPS 
Bond Strength 
2011 
Condition D 
15 • 


MIL-STD-883 


Screen 
Test Method 
Conditions 
LTPD 


SUBGROUP 1 
Steady State Life Test 
1005 
Condition D 
5 
End Point Electricals 
5005 
As specified in the applicable 
device specification 
MIL-M-38510, Appendix C 


Physical Dimensions 
2016 
15 
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Group D: Package Related Tests 
By Package Type, Assembly 
Location, 
and Exterior Lead Finish 


MIL-STD-883 
Quantity 
Screen 
Test Method 
Conditions 
(Accept No. or LTPD) 


SUBGROUP 1 
15 
Physical Dimensions 
2016 
MIL-M-38510, Appendix C 


SUBGROUP 2 
5 
Lead Integrity 
2004 
Condition B2 
(Condition D for LCC) 
Seal: Fine 
1014 
Condition A or B 
Seal: Gross 
1014 
Condition C 


SUBGROUP 3 
15 
Thermal Shock 
1011 
Condition B, 15 Cycles 
Temperature Cycling 
1010 
Condition C, 100 Cycles 
Moisture Resistance 
1004 
10 Cycles 
End Point Electricals 
5005 
As specified in the applicable 
device specification 
(within 42 hrs) 
Seal: Fine 
1014 
Condition A or B 
Seal: Gross 
1014 
Condition C 
Visual Examination 
Per Visual of 
Method 1004 and 1010 


SUBGROUP 4 
15 
Mechanical Shock 
2002 
Condition B 
Vibration Variable Freq. 
2007 
Condition A 
Constant Acceleration 
2001 
Condition E, 30 KG., Y1 
Seal: Fine 
1014 
Condition A or B 
Seal: Gross 
1014 
Condition C 
Visual Examination 
1010 


End Point Electricals 
5005 
As specified in the applicable 
device specification 


SUBGROUPS 
15 
Salt Atmosphere 
1009 
Condition A 
Seal: Fine 
1014 
Condition A or B 
Seal: Gross 
1014 
Condition C 


Visual Examination 
Per Visual of Method 1009 


SUBGROUP 6 
3 (0) or 5 (1) 


Internal Water Vapor 
1018 
5,000 PPM Maximum 


Content 
Water Content at 100°C 


SUBGROUP 7 
15 


Adhesion of Lead 
2025 
Glass Frit Seal Only 


Finish 
(LTPD for Number of Leads) 


SUBGROUP 8 
5(0) 


Lid Torque 
2024 
Glass Frit Seal Only 


Introduction to the 
SMD Product Listing 
Each 
Standard 
Microcircuit 
Drawing 
(SMD) part number that Atmel supplies 
corresponds 
to an Atmel /883 part num- 


ber. SMD products are compliant to MIL- 
STD-883, 
paragraph 
1.2.1 and to the 
requirements 
of the applicable 
standard 
microcircuit 
drawing. 
The tables 
in this 
section list the currently approved Atmel 
SMD parts by Atmel part number (Table 
1) and by SMD part number 
(Table 2). 


They 
define 
and cross 
reference 
the 
Atmel /883 part number 
with the SMD 
part number 
for your 
ordering 
conve- 
nience. 


Figure 1. Components 
of an SMD number (top) compared to the Atmel similar part 
number (bottom). 


Figure 
1 shows 
how 
an Atmel 
SMD 
order number defines a part, compared 
to the components 
of the Atmel similar 
part number. 


Please note that some SMD part num- 
bers contain the letter "M" between 
the 
device type and the case outline desig- 
nator. The "M" is part of the one part-one 
number system, set up by DESC. It is a 
device class designator 
which indicates 
the 
part 
is an SMD 
part 
number 
as 
opposed to being a JAN part number. 


Standard 
Device 
Microcircuit 
SMD 
Class 
Drawing (SMD) 
Device 
Designator 


NUm~(M;Z;;:;rt~ishl 
=3826701 
Myx-J 


Temperature 
Military 
Atmel Part 
Case Outline 
Range 
Compliance 
N"m~~(;~,;gn"o, 
AT28c~=..J 
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How to Use the Atmel Part Type Reference Table 
The organization 
of Table 1 enables the purchaser 
to order 
include the end write indicator 
in the circuit description 
col- 
a standardized 
military part by using the Atmel generic 
part 
umn and the write mode for the specific 
device type. 


type to locate the correct 
SMD drawing 
number. 
The SMD 
Order Code Cross-Reference 
part number 
is the order 
number 
for SMD devices. 
The 
The next section of the table cross-references 
each option- 


Atmel generic 
part type, which begi~s wit.h th~ prefix "AT:' 
ally complete 
SMD part number 
(see 0 below) 
with the 


heads 
Table 
1. There 
are four sections 
In this table 
(see 
Atmel similar /883 part number (see f) below). 


sample table below): 
Case Outline Legend 


SMD Options 
The third section 
gives the SMD case outline options avail- 
The first section 
lists the SMD options available 
at Atme!. It 
able for the device. 
includes 
the industry 
gene.ric part type, the SMD draw!ng 
Lead Finish Legend 
number, 
and the SMD deVice type. The SMD case outline 
. 
. 
. . 
. 
. 


options, 
the lead finish options, 
the circuit description, 
and 
ih~~as~ 
s~ctlon 
lists the SMD lead finish oplions 
available 


the access 
time that 
correspond 
to that device 
type are 
or 
e 
eVlce. 
also included. 
The tables 
for the EEPROM 
in this section 


SMO Optionsl 
with Part Description 
and SpeclflcaUons 


OrderCode 
[ 
Cross-Reference 


eeso Outline Legend [ 


Lead Anlsh Legend [ 


AT28C64B 
--, 
~~t~".MIm"r 
OKctip 
•• 


28C64B 
0•••••• 
•...~ 
c- 
...• 
O"ttMKlIipt_ - _. ... ......~ 
•..•.. 
T_ ..- 
RoM •• 
6MI •••••••• 
~ - -.~-.." ""'"'~ 
S962.a751. 
08 
x 
X,A 
BI<x8E1pROM 
B.,teIPage 
250 
'0 
,01< 
I:5iiiPoilng 


5962-87514 
09 
X 
X,A 
BKx8E?PROM 
B..,telPage 
200 
'0 
,01< 
!5iIiPoli1g 


Anti eaa-No. 
&an ••••: 
.l'IIrMfO,dIlfN.n..- 
Aa1I"SilaI~ 
1':In. 
•••••••• 
, 
In4. 
5962-87514 
08 xx 
8 AT28C64B-25DMA383 
0 
5962..e7514 
D9: xx 
AT28CS4B·200MJBBJ 


CeseOulMna 


X 
2806 
28lead 
0 600~Wide 
Non-Winoo'W'.ed,CeramIcDuallnMne 
Packaae 
Cerdpl 


Lead Finish 


X 
Oenotes no preterence in lead MISI1; flnir. A wi be alpplied (Ptf~r .•• ptI3Cl.U.7dMl-l-3853&B~~ncIiII ~ 


A 
Hot Solder Dip 


Note: 
Finish letter "X" shall not be marked on the microcircuit or its packaging. This designation is provided for use in drawings, part 
lists, purchase orders, or other documentation where lead finishes A, B or C are all considered acceptable and interchangeable 
without preference. For Government logistic support, the A lead finish will be acquired and supplied to the end user when the X 
is included in the PIN for lead finish. If the PIN is not available with the A lead finish, the same PIN will be acquired except with 
the B or C lead finish designator as determined by availability. Type C terminal material is a fired on metallization used with lead- 
less chip carriers. 


How to Use the Atmel SMD Number Reference Table 
Table 
2 allows 
quick 
reference 
to the Atmel 
/883 similar 
ing Atmel 
similar 
/883 part number 
(see f) below). 
It also 
part number 
when the SMD part number 
is known 
by the 
includes the circuit description 
and access time for that part 


purchaser. 
The head for Table 2 is the SMD drawing 
num- 
number. The EEPROM 
tables include the end write indica- 
ber (see the example 
table below). The only section 
in this 
tor (which 
is in the circuit 
description 
column) 
the write 
table is a cross-reference 
between 
the optionally 
complete 
mode, 
the write 
speed, 
and the endurance 
cycles 
for the 
SMD drawing 
number 
(see 0 below) and the correspond- 
specific 
part number. 


OrderCode 
[ 
Cross-Reference 


AT28C64B·25DM.683 
I AT28C •• B-200MAl" 


AT28HC64B-120M.e83 


a-itDlt.,..,kln 
&4 ••.••• WioImf 


!l<x8E2PROM 


I 


I5ifiPoilng 


BKxBEZpROM 
!5QErdtr:; 


8Kx8E2pROM 
~Pollng 


... 
..... 


Byte.flage: 


~ 
••• 
&.4 •. 


T_,,) 
5p4.fM) ~ 


250 
10 
1('< 


AT28C64 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C64 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 


Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-87514 
13 
X, Y,Z 
X,A 
8Kx8 
EEPROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-87514 
14 
X, Y 
X,A 
8Kx8 
EEPROM 
Byte 
300 
1 
10K 


Rdy/Busy 


5962-87514 
15 
X, Y,Z 
X,A 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 
Rdy/Busy 


5962-87514 
16 
X,Y 
X,A 
8K x 8 EEPROM 
Byte 
200 
1 
10K 
Rdy/Busy 


5962-87514 
17 
X,Y 
X,A 
8Kx8 
EEPROM 
Byte 
150 
1 
10K 
Rdy/Busy 


Example:Atmel 
Order Number 
Almel Similar 
Part Number 


5962-8751413 
XX 
AT28C64-35DMl883 


5962-8751413 
YX 
AT28C64-35LM/883 


5962-8751413 
ZX 
AT28C64-35FM/883 


5962-8751414 
XX 
AT28C64-30DM/883 


5962-8751414 
YX 
AT28C64-30LMl883 


5962-8751415 
XX 
AT28C64-25DM/883 


5962-8751415 
YX 
AT28C64-25LM/883 


5962-8751415 
ZX 
AT28C64-25FM/883 


5962-87514 
16 XX 
AT28C64-20DMl883 


5962-87514 
16 YX 
AT28C64-20LMl883 


5962-87514 
17 XX 
AT28C64-15DMl883 
Atmel Cage No. 


1FN41 
5962-8751417 
YX 
AT28C64-15LM/883 


Case 
Outline 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIL+38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 
• 


AlmEL 


AlmEL 


AT28C64F 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C64F 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 


Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-87514 
28 
X, Y,Z 
X,A 
8Kx8 
EEPROM 
Byte 
200 
0.2 
10K 


Rdy/Busy 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-8751428 
XX 
AT28C64F-20DM/883 


5962-87514 
28 YX 
AT28C64F-20LM/883 
Atmel Cage No. 


1FN41 
5962-87514 
28 ZX 
AT28C64F-20FMl883 


Case 
Outline 


X 
28D6 
28 Lead 0.600" 
Wide 
Non-Windowed 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Y 
32L 32 Pad Non-Windowed 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F 28 Lead 
Non-Windowed 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AT28C64X 


Generic Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C64X 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 


Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-87514 
18 
X, V 
X,A 
8K x 8 EEPROM 
Byte 
350 
1 
10K 
Data Polling 


5962-87514 
19 
X, V 
X,A 
8K x 8 EEPROM 
Byte 
300 
1 
10K 
Data Polling 


5962-87514 
20 
X, V,Z 
X,A 
8K x 8 EEPROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 
21 
X,V 
X,A 
8Kx8 
EEPROM 
Byte 
200 
1 
10K 
Data Polling 


5962-87514 
22 
X, V 
X,A 
8Kx8 
EEPROM 
Byte 
150 
1 
10K 


Data Polling 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-8751418 
XX 
AT28C64X-35DM/883 


5962-87514 
18 YX 
AT28C64X-35LM/883 


5962-87514 
19 XX 
AT28C64X 
-30DM/883 


5962-87514 
19 YX 
AT28C64X-30LM/883 


5962-8751420 
XX 
AT28C64X-25DM/883 


5962-8751420 
YX 
AT28C64X-25LM/883 


5962-8751420 
ZX 
AT28C64X-25FM/883 


5962-87514 
21 XX 
AT28C64X-20DM/883 


5962-8751421 
YX 
AT28C64X-20LM/883 


5962-87514 
22 XX 
AT28C64X-15DM/883 
Atmel Cage No. 


1FN41 
5962-87514 
22 YX 
AT28C64X 
-15LM/883 


Case 
Outline 


X 
28D6, 
28 Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-j-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 
• 


AlmEL 


AlmEL 


AT28C64B 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C64B 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-87514 
08 
X 
X,A 
8Kx8 
EEPROM 
Byte! 
250 
2 
10K 
Data Polling 
Page 


5962-87514 
09 
X 
X,A 
8K x 8 EEPROM 
Byte! 
200 
2 
10K 
Data Polling 
Page 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-8751408 
XX 
AT28C64B-25DM!883 
Atmel Cage No. 
1FN41 
5962-87514 
09 XX 
AT28C64B-20DM!883 


Case 
Outline 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AT28HC64B 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28HC64B 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-87514 
10 
X 
X,A 
8Kx8 
EEPROM 
Byte! 
120 
2 
10K 
Data Polling 
Page 


5962-87514 
11 
X 
X,A 
8Kx8 
EEPROM 
Byte! 
90 
2 
10K 
Data Polling 
Page 


5962-87514 
12 
X 
X,A 
8K x 8 EEPROM 
Byte! 
70 
2 
10K 
Data Polling 
Page 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-8751410 
XX 
AT28HC64B-12DM/883 


5962-8751411 
XX 
AT28HC64B-90DM/883 
Atmel Cage No. 
1FN41 
5962-8751412 
XX 
AT28HC64B-70DM!883 


Case 
Outline 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AT28C256 


Generic 
Number 
Standard 
Microcircuit 
Drawing Number 
Description 


28C256 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-88525 
01 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
02 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
03 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
04 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
200 
10 
10K 
Data Polling 
Page 


5962-88525 
06 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
09(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
10(1) 
U,X,Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
11 (1) 
U,X, 
Y, Z 
X,A 
32K x 8 EEPROM 
Bytel 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
12(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Bytel 
200 
10 
10K 


Data 
Polling 
Page 


5962-88525 
14(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
By tel 
150 
10 
10K 
Data 
Polling 
Page 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-88525 
01 UX 
AT28C256-35UM/883 


5962-88525 
01 XX 
AT28C256-35DM/883 


5962-88525 
01 YX 
AT28C256-35LM/883 


5962-88525 
01 ZX 
AT28C256-35FM/883 


5962-88525 
02 UX 
AT28C256-30UM/883 


5962-88525 
02 XX 
AT28C256-30DM/883 


5962-88525 
02 YX 
AT28C256-30LM/883 


5962-88525 
02 ZX 
AT28C256-30FM/883 


5962-88525 
03 UX 
AT28C256-25UM/883 


5962-88525 
03 XX 
AT28C256-25DM/883 


5962-88525 
03 YX 
AT28C256-25LM/883 


5962-88525 
03 ZX 
AT28C256-25FM/883 


5962-88525 
04 UX 
AT28C256-20UM/883 


5962-88525 
04 XX 
AT28C256-20DM/883 


5962-88525 
04 YX 
AT28C256-20LM/883 


Atmel Cage No. 
1FN41 
5962-88525 
04 ZX 
AT28C256-20FM/883 


• 


AlmEL 


AlmEL 


AT28C256 (Continued) 


Example: Atmel Order Number 
Atmel Similar 
Part Number 


5962-88525 
06 UX 
AT28C256-15UM/883 


5962-88525 
06 XX 
AT28C256-15DM/883 


5962-88525 
06 YX 
AT28C256-15lM/883 


5962-88525 
06 ZX 
AT28C256-15FM/883 


5962-88525 
09 UX 
AT28C256-35UM/883 


5962-88525 
09 XX 
AT28C256-35DM/883 


5962-88525 
09 YX 
AT28C256-35lM/883 


5962-88525 
09 ZX 
AT28C256-35FM/883 


5962-8852510 
UX 
AT28C256-30UM/883 


5962-88525 
10 XX 
AT28C256-30DM/883 


5962-88525 
10 YX 
AT28C256-30lM/883 


5962·88525 
10 ZX 
AT28C256-30FM/883 


5962-88525 
11 UX 
AT28C256-25UM/883 


5962-88525 
11 XX 
AT28C256-25DM/883 


5962-88525 
11 YX 
AT28C256-25lM/883 


5962-88525 
11 ZX 
AT28C256-25FMl883 


5962-88525 
12 UX 
AT28C256-20UM/883 


5962-88525 
12 XX 
AT28C256-20DM/883 


5962-88525 
12 YX 
AT28C256·20lM/883 


5962-88525 
12 ZX 
AT28C256-20FM/883 


5962-8852514 
UX 
AT28C256·15UM/883 


5962-88525 
14 XX 
AT28C256-15DM/883 


5962-88525 
14 YX 
AT28C256-15lM/883 
Atmel Cage No. 


1FN41 
5962-88525 
14 ZX 
AT28C256-15FM/883 


Case 
Outline 


U 
28U, 28 Pin, Ceramic 
Pin Grid Array 
(PGA) 


X 
28D6, 
28 lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


Y 
32l, 
32 Pad, Non-Windowed, 
Ceramic 
leadless 
Chip Carrier 
(lCC) 


Z 
28F, 28 lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIl-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


Note: 
1. 
SMD specifies 
Software 
Data Protection 
feature 
for device type, although 
Atmel 
product 
supplied 
to every device 
type on the 


SMD 
is 100% tested 
for this feature. 


AT28C256E 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C256E 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-88525 
05 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte 
250 
10 
100K 
Data Polling 
Page 


5962-88525 
08 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
By tel 
150 
10 
100K 


Data Polling 
Page 


5962-88525 
13(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
By tel 
250 
10 
100K 
Data Polling 
Page 


5962-88525 
16(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
By tel 
150 
10 
100K 
Data Polling 
Page 


Example: Atmel Order Number 
Similar 
Part Number 


5962-88525 
05 UX 
AT28C256E-25UM/883 


5962-88525 
05 XX 
AT28C256E-25DM/883 


5962-88525 
05 YX 
AT28C256E-25LMl883 


5962-88525 
05 ZX 
AT28C256E-25FM/883 


5962-88525 
08 UX 
AT28C256E-15UMl883 


5962-88525 
08 XX 
AT28C256E-15DM/883 


5962-88525 
08 YX 
AT28C256E-15LM/883 


5962-88525 
08 ZX 
AT28C256E-15FM/883 


5962-88525 
13 UX 
AT28C256E-25UM/883 


5962-88525 
13 XX 
AT28C256E-25DM/883 


5962-88525 
13 YX 
AT28C256E-25LM/883 


5962-88525 
13 ZX 
AT28C256E-25FM/883 


5962-88525 
16 UX 
AT28C256E-15UM/883 


5962-88525 
16 XX 
AT28C256E 
-15DM/883 


5962-88525 
16 YX 
AT28C256E-15LM/883 


Atmel Cage No. 


1FN41 
5962-88525 
16 ZX 
AT28C256E 
-15FM/883 


Case 
Outline 


U 
28U, 28 Pin, Ceramic 
Pin Grid Array 
(PGA) 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 
• 


Note: 
1. 
SMD specifies 
Software 
Data Protection 
feature 
for device 
type, although 
Atmel 
product 
supplied 
to every device 
type on the 
SMD is 100% tested 
for this feature. 


AlmEL 


AlmEL 


AT28C256F 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C256F 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-88525 
07 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-88525 
15(1) 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-88525 
07 UX 
AT28C256F-15UM/883 


5962-88525 
07 XX 
AT28C256F-15DM/883 


5962-88525 
07 YX 
AT28C256F-15LM/883 


5962-88525 
07 ZX 
AT28C256F-15FM/883 


5962-88525 
15 UX 
AT28C256F-15UM/883 


5962-88525 
15 XX 
AT28C256F-15DM/883 


5962-88525 
15 YX 
AT28C256F-15LM/883 
Atmel Cage No. 


1FN41 
5962-88525 
15 ZX 
AT28C256F-15FM/883 


Case 
Outline 


U 
28U, 28 Pin, Ceramic 
Pin Grid Array (PGA) 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


1. 
SMD specifies 
Software 
Data Protection 
feature 
for device type, although 
Atmel 
product 
supplied 
to every device 
type on the 
SMD 
is 100% tested 
for this feature. 


AT28HC256 


Generic Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28HC256 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-88634 
01 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte/ 
120 
10 
10K 
Data POlling 
Page 


5962-88634 
03 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte/ 
90 
10 
10K 
Data POlling 
Page 


Example: 
Atmel Order Number 
Similar 
Part Number 


5962-88634 
01 UX 
AT28HC256-12UM/883 


5962-88634 
01 XX 
AT28HC256-12DM/883 


5962-88634 
01 YX 
AT28HC256-12LM/883 


5962-88634 
01 ZX 
AT28HC256-12FM/883 


5962-88634 
03 UX 
AT28HC256-90UM/883 


5962-88634 
03 XX 
AT28HC256-90DM/883 


5962-88634 
03 YX 
AT28HC256-90LM/883 
Atmel Cage No. 


1FN41 
5962-88634 
03 ZX 
AT28HC256-90FM/883 


Case 
Outline 
- 


U 
28U, 28 Pin, Ceramic 
Pin Grid Array 
(PGA) 


X 
28D6, 
28 Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish 
A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AlmEL 


• 


AlmEL 


AT28HC256F 


Generic 
Number 
Standard 
Microcircuit 
Drawing Number 
Description 


28HC256F 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
Write 
Access 
Write 
Endurance 
Number 
Type 
Outline 
Finish 
End Write Indicator 
Mode 
Time (ns) 
Speed (ms) 
(Cycles) 


5962-88634 
02 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte! 
120 
3 
10K 
Data Polling 
Page 


5962-88634 
04 
U,X, 
Y,Z 
X,A 
32K x 8 EEPROM 
Byte! 
90 
3 
10K 
Data Polling 
Page 


Example: Atmel Order Number 
Atmel Similar 
Part Number 


5962-88634 
02 UX 
AT28HC256F-12UM!883 


5962-88634 
02 XX 
AT28HC256F-12DM/883 


5962-88634 
02 YX 
AT28HC256F-12LM!883 


5962-88634 
02 ZX 
AT28HC256F-12FM!883 


5962-88634 
04 UX 
AT28HC256F-90UM/883 


5962-88634 
04 XX 
AT28HC256F-90DM!883 


5962-88634 
04 YX 
AT28HC256F-90LM/883 
Atmel Cage No. 
1FN41 
5962-88634 
04 ZX 
AT28HC256F-90FM!883 


Case 
Outline 


U 
28U, 28 Pin, Ceramic 
Pin Grid Array (PGA) 


X 
28D6, 
28 Lead, 0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 


Y 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
28F, 28 Lead, 
Non-Windowed, 
Ceramic 
Boltom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AT28C010 


Generic 
Number 
Standard 
Microcircuit 
Drawing 
Number 
Description 


28C010 
Drawing 
Device 
Case 
Lead 
Circuit 
Description 
End 
Write 
Access 
Write 
Endurance 


Number 
Type 
Outline 
Finish 
Write Indicator 
Mode 
Time (ns) 
Spd(ms) 
(Cycles) 


5962-38267 
01 
T, U,X, 
X,A 
128K x 8, 1M bit 
Byte/ 
250 
10 
10K 
Y, l 
EEPROM 
Data Polling 
Page 


5962-38267 
03 
T, U, X, 
X,A 
128K x 8, 1M bit 
Byte/ 
200 
10 
10K 
Y, l 
EEPROM 
Data Polling 
Page 


5962-38267 
05 
T, U, X, 
X,A 
128K x 8, 1M bit 
Byte/ 
150 
10 
10K 
Y,l 
EEPROM 
Data Polling 
Page 


5962-38267 
07 
U,X, Y,l 
X,A 
128K x 8, 1M bit 
Byte! 
120 
10 
10K 
EEPROM 
Data Polling 
Page 


Example: 
Atmel Order Number 
Atmel Similar 
Part Number 


5962-38267 
01 M TX 
AT28C010-25UM/883 


5962-38267 
01 M UX 
AT28C010-25EM/883 


5962-38267 
01 M XX 
AT28C010-25DM/883 


5962-38267 
01 M YX 
AT28C010-25LM/883 


5962-38267 
01 M ZX 
AT28C010-25FM/883 


5962-38267 
03M TX 
AT28C010-20UM/883 


5962-38267 
03M UX 
AT28C010-20EM/883 


5962-38267 
03M XX 
AT28C010-20DM/883 


5962-38267 
03M YX 
AT28C010-20LM/883 


5962-38267 
03M ZX 
AT28C010-20FM/883 


5962-38267 
05M TX 
AT28C010-15UM/883 


5962-38267 
05M UX 
AT28C010-15EM/883 


5962-38267 
05M XX 
AT28C010-15DM/883 


5962-38267 
05M YX 
AT28C010-15LM/883 


5962-38267 
05M ZX 
AT28C010-15FM/883 


5962-38267 
07M UX 
AT28C010-12EM/883 


5962-38267 
07M XX 
AT28C010-12DM/883 


5962-38267 
07M YX 
AT28C010-12LM/883 
Atmel Cage No, 


1FN41 
5962-38267 
07M ZX 
AT28C010-12FM/883 


Case 
Outline 


T 
30U, 30 Pin, Ceramic 
Pin Grid Array 
(PGA) 


U 
32L, 32 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


X 
3206, 
32 Lead, 
0.600" 
Wide, 
Non-Windowed, 
Ceramic 
Dual Inline 
Package 
(Cerdip) 


Y 
44L, 44 Pad, Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier 
(LCC) 


Z 
32F, 32 Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 


Lead 
Finish 


X 
Denotes 
no preference 
in lead finish; 
Finish A will be supplied 
(per paragraph 
30.6.2.7 
of MIL-I-38535B 
Appendix 
A) 


A 
Hot Solder 
Dip 


AlmEL 


• 


AlmEL 


5962-38267 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 
Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd.(ms) 
(Cycles) 


5962-38267 
01 M XX 
AT28C010-25DM!883 
128K x 8, 1M bit EEPROM 
Byte! 
250 
10 
10K 


Data 
Polling 
Page 


5962-38267 
01 M YX 
AT28C010-25LM!883 
128K x 8, 1M bit EEPROM 
Byte! 
250 
10 
10K 


Data Polling 
Page 


5962-38267 
01 M ZX 
AT28C010-25FM!883 
128K x 8, 1M bit EEPROM 
Byte! 
250 
10 
10K 


Data Polling 
Page 


5962-38267 
03M XX 
AT28C010-20DM!883 
128K x 8, 1M bit EEPROM 
Byte! 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
03M YX 
AT28C010-20LM!883 
128K x 8, 1M bit EEPROM 
Byte! 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
03M ZX 
AT28C010-20FM!883 
128K x 8, 1M bit EEPROM 
Byte! 
200 
10 
10K 


Data Polling 
Page 


5962-38267 
05M XX 
AT28C010-15DM!883 
128K x 8, 1M bit EEPROM 
Byte! 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
05M YX 
AT28C010-15LM!883 
128K x 8, 1M bit EEPROM 
Byte! 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
05M ZX 
AT28C010-15FM!883 
128K x 8, 1M bit EEPROM 
Byte! 
150 
10 
10K 


Data Polling 
Page 


5962-38267 
07M XX 
AT28C010-12DM!883 
128K x 8, 1M bit EEPROM 
Byte! 
120 
10 
10K 


Data Polling 
Page 


5962-38267 
07M YX 
AT28C010-12LM!883 
128K x 8, 1M bit EEPROM 
Byte! 
120 
10 
10K 


Data Polling 
Page 


5962-38267 
07M ZX 
AT28C010-12FM!883 
128K x 8, 1M bit EEPROM 
Byte! 
120 
10 
10K 


Data Polling 
Page 


5962-87514 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 


Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd. (ms) 
(Cycles) 


5962-87514 08 XX 
AT28C64B-25DM/883 
8Kx8 
EEPROM 
Byte/ 
250 
10 
10K 
Data Polling 
Page 


5962-8751409 XX 
AT28C64B-20DM/883 
8Kx8 
EEPROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-8751410 XX 
AT28HC64B-12DMl883 
8Kx8 
EEPROM 
Byte/ 
120 
2 
10K 
Data Polling 
Page 


5962-87514 11 XX 
AT28HC64B-90DMl883 
8Kx8 
EEPROM 
Byte/ 
90 
2 
10K 
Data Polling 
Page 


5962-8751412 XX 
AT28HC64B-70DM/883 
8Kx8 
EEPROM 
Byte/ 
70 
2 
10K 


Data Polling 
Page 


5962-8751413 XX 
AT28C64-35DM/883 
8K x 8 EEPROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-8751413 YX 
AT28C64-35LM/883 
8K x 8 EEPROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-8751413 ZX 
AT28C64-35FM/883 
8Kx8 
EEPROM 
Byte 
350 
1 
10K 


Rdy/Busy 


5962-8751414 XX 
AT28C64-30DM/883 
8Kx8 
EEPROM 
Byte 
300 
1 
10K 


Rdy/Busy 


5962-8751414 YX 
AT28C64-30LM/883 
8Kx8 
EEPROM 
Byte 
300 
1 
10K 
Rdy/Busy 


5962-8751415 XX 
AT28C64-25DM/883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-8751415 YX 
AT28C64-25LMl883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-8751415 ZX 
AT28C64-25FMl883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Rdy/Busy 


5962-8751416 XX 
AT28C64-20DM/883 
8Kx8 
EEPROM 
Byte 
200 
1 
10K 


Rdy/Busy 


5962-8751416 YX 
AT28C64-20LMl883 
8Kx8 
EEPROM 
Byte 
200 
1 
10K 


Rdy/Busy 


5962-8751417 XX 
AT28C64-15DM/883 
8Kx8 
EEPROM 
Byte 
150 
1 
10K 


Rdy/Busy 


5962-8751417 YX 
AT28C64-15LMl883 
8K x 8 EEPROM 
Byte 
150 
1 
10K 


Rdy/Busy 


5962-8751418 XX 
AT28C64X-35DM/883 
8Kx8 
EEPROM 
Byte 
350 
1 
10K 


Data Polling 


5962-8751418 YX 
AT28C64X-35LM/883 
8Kx8 
EEPROM 
Byte 
350 
1 
10K 


Data Polling 


5962-8751419 XX 
AT28C64X-30DM/883 
8Kx8 
EEPROM 
Byte 
300 
1 
10K 


Data Polling 


AlmEL 


• 


AlmEL 


5962-87514 
(Continued) 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 


Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd. (ms) 
(Cycles) 


5962-8751419 YX 
AT28C64X-30LM/883 
8Kx8 
EEPROM 
Byte 
300 
1 
10K 


Data Polling 


5962-8751420 XX 
AT28C64X-25DM/883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Data Polling 


5962-8751420 YX 
AT28C64X-25LM/883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Data Polling 


5962-8751420 ZX 
AT28C64X-25FM/883 
8Kx8 
EEPROM 
Byte 
250 
1 
10K 


Data Polling 


5962-87514 21 XX 
AT28C64X-20DM/883 
8Kx8 
EEPROM 
Byte 
200 
1 
10K 


Data Polling 


5962-8751421 YX 
AT28C64X-20LM/883 
8Kx8 
EEPROM 
Byte 
200 
1 
10K 


Data Polling 


5962-8751422 XX 
AT28C64X-15DM/883 
8Kx8 
EEPROM 
Byte 
150 
1 
10K 


Data Polling 


5962-8751422 YX 
AT28C64X-15LM/883 
8Kx8 
EEPROM 
Byte 
150 
1 
10K 


Data Polling 


5962-8751428 XX 
AT28C64F-20DM/883 
8Kx8 
EEPROM 
Byte 
200 
0.2 
10K 


Data Polling 


5962-8751428 YX 
AT28C64X-20LM/883 
8Kx8 
EEPROM 
Byte 
200 
0.2 
10K 


Data Polling 


5962-8751428 ZX 
AT28C64X-20FM/883 
8Kx8 
EEPROM 
Byte 
200 
0.2 
10K 


Data Polling 


5962-88525 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 
Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd.(ms) 
(Cycles) 


5962-88525 
01 UX 
AT28C256-35UM!883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
01 XX 
AT28C256-35DM!883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
01 YX 
AT28C256-35LM!883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
01 ZX 
AT28C256-35FM/883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
02 UX 
AT28C256-30UM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
02 XX 
AT28C256-30DM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
02 YX 
AT28C256-30LM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
02 ZX 
AT28C256-30FM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
03 UX 
AT28C256-25UM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
03 XX 
AT28C256-25DM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
03 YX 
AT28C256-25LM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
03 ZX 
AT28C256-25FM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
04 UX 
AT28C256-20UM!883 
32K x 8 EEPROM 
Byte! 
200 
10 
10K 
Data Polling 
Page 


5962-88525 
04 XX 
AT28C256-20DM!883 
32K x 8 EEPROM 
Byte! 
200 
10 
10K 
Data Polling 
Page 


5962-88525 
04 YX 
AT28C256-20LM!883 
32K x 8 EEPROM 
Byte! 
200 
10 
10K 
Data Polling 
Page 


5962-88525 
04 ZX 
AT28C256-20FM!883 
32K x 8 EEPROM 
Byte! 
200 
10 
10K 
Data Polling 
Page 


5962-88525 
05 UX 
AT28C256E-25UM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
100K 
Data Polling 
Page 


5962-88525 
05 XX 
AT28C256E-25DM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
100K 
Data Polling 
Page 


5962-88525 
05 YX 
AT28C256E-25LM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
lOOK 


Data Polling 
Page 


5962-88525 
05 ZX 
AT28C256E-25FM!883 
32K x 8 EEPROM 
Byte! 
250 
10 
lOOK 


Data Polling 
Page 


AlmEL 


• 


AlmEL 


5962-88525 (Continued) 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 


Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd.(ms) 
(Cycles) 


5962-88525 
06 UX 
AT28C256-15UM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
06 XX 
AT28C256-15DM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
06 YX 
AT28C256-15LM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
06 ZX 
AT28C256-15FM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
07 UX 
AT28C256F-15UM/883 
32K x 8 EEPROM 
Byte! 
150 
3 
10K 
Data Polling 
Page 


5962-88525 
07 XX 
AT28C256F-15DM!883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-88525 
07 YX 
AT28C256F-15LM!883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-88525 
07 ZX 
AT28C256F-15FM!883 
32K x 8 EEPROM 
Byte! 
150 
3 
10K 
Data Polling 
Page 


5962-88525 
08 UX 
AT28C256E-15UM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
100K 
Data Polling 
Page 


5962-88525 
08 XX 
AT28C256E-15DM/883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-88525 
08 YX 
AT28C256E-15LM!883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-88525 
08 ZX 
AT28C256E-15FM/883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-88525 
09 UX(1) 
AT28C256-35UM/883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
09 XX(l) 
AT28C256-35DM/883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
09 YX(l) 
AT28C256-35LM/883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
09 ZX(l) 
AT28C256-35FM!883 
32K x 8 EEPROM 
Byte! 
350 
10 
10K 
Data Polling 
Page 


5962-88525 
10 UX(l) 
AT28C256-30UM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-8852510 
XX(l) 
AT28C256-30DM/883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-8852510 
Y 1) 
AT28C256-30LM!883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-8852510 
ZX(l) 
AT28C256-30FM/883 
32K x 8 EEPROM 
Byte! 
300 
10 
10K 
Data Polling 
Page 


5962-88525 
11 UX(l) 
AT28C256-25UM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
10K 


Data Polling 
Page 


5962-88525 (Continued) 


Atmel Similar Part 
Circuit Description 
Write 
Access 
Write 
Endur. 
Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd. (ms) 
(Cycles) 


5962-88525 
11 X(1) 
AT28C256-25DM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
11 YX(1) 
AT28C256-25LM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
10K 
Data Polling 
Page 


5962-88525 
11 ZX(1) 
AT28C256-25FM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
10K 
Data Polling 
Page 


5962-8852512 
UX(1) 
AT28C256-20UM/883 
32K x 8 EEPROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-8852512 
XX(1) 
AT28C256-20DM/883 
32K x 8 EEPROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-8852512 
YX(1) 
AT28C256-20LM/883 
32K x 8 EEPROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-8852512 
ZX(1) 
AT28C256-20FMl883 
32K x 8 EEPROM 
Byte/ 
200 
10 
10K 
Data Polling 
Page 


5962-8852513 
UX 1) 
AT28C256E-25UM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
lOOK 
Data Polling 
Page 


5962-8852513 
XX(1) 
AT28C256E-25DM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
lOOK 
Data Polling 
Page 


5962-8852513 
YX(1) 
AT28C256E-25LM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
lOOK 
Data Polling 
Page 


5962-8852513 
ZX(1) 
AT28C256E-25FM/883 
32K x 8 EEPROM 
Byte/ 
250 
10 
lOOK 
Data Polling 
Page 


5962-88525 
14 UX(1) 
AT28C256-15UM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-8852514 
XX(1) 
AT28C256-15DM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
14 YX(1) 
AT28C256-15LM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-8852514 
ZX(1) 
AT28C256-15FMl883 
32K x 8 EEPROM 
Byte/ 
150 
10 
10K 
Data Polling 
Page 


5962-88525 
15 UX(1) 
AT28C256F-15UM/883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-8852515 
XX(1) 
AT28C256F-15DM/883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-8852515 
YX(1) 
AT28C256F-15LM/883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 


Data Polling 
Page 


5962-88525 
15 ZX(1) 
AT28C256F-15FM/883 
32K x 8 EEPROM 
Byte/ 
150 
3 
10K 
Data Polling 
Page 


5962-8852516 
UX(1) 
AT28C256E-15UM/883 
32K x 8 EEPROM 
Byte/ 
150 
10 
lOOK 
Data Polling 
Page 
• 


AlmEL 


AlmEL 


5962-88525 (Continued) 


Atmel Similar 
Part 
Circuit 
Description 
Write 
Access 
Write 
Endur. 
Atmel Order Number 
Number 
End Write Indicator 
Mode 
Time (ns) 
Spd.(ms) 
(Cycles) 


5962-8852516 
XX(1) 
AT28C256E-15DM!883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-88525 
16 YX(1) 
AT28C256E-15LM!883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-8852516 
ZX(1) 
AT28C256E-15FM!883 
32K x 8 EEPROM 
Byte! 
150 
10 
100K 
Data Polling 
Page 


5962-88634 


Circuit 
Description 
Write 
Access 
Write 
Endur. 


Atmel Order Number 
Atmel Similar 
Part Number 
End Write Indicator 
Mode 
Time (ns) 
Spd. (ms) 
(Cycles) 


5962-88634 
01 UX 
AT28HC256-12UM/883 
32K x 8 EEPROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-88634 
01 XX 
AT28HC256-12DM/883 
32K x 8 EEPROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-88634 
01 YX 
AT28HC256-12LM/883 
32K x 8 EEPROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-88634 
01 ZX 
AT28HC256-12FM/883 
32K x 8 EEPROM 
Byte/ 
120 
10 
10K 


Data Polling 
Page 


5962-88634 
02 UX 
AT28HC256F-12UM/883 
32K x 8 EEPROM 
Byte/ 
120 
3 
10K 


Data Polling 
Page 


5962-88634 
02 XX 
AT28HC256F-12DM/883 
32K x 8 EEPROM 
Byte/ 
120 
3 
10K 


Data Polling 
Page 


5962-88634 
02 YX 
AT28HC256F-12LM/883 
32K x 8 EEPROM 
Byte/ 
120 
3 
10K 


Data Polling 
Page 


5962-88634 
02 ZX 
AT28HC256F-12FM/883 
32K x 8 EEPROM 
Byte/ 
120 
3 
10K 


Data Polling 
Page 


5962-88634 
03 UX 
AT28HC256-90UM/883 
32K x 8 EEPROM 
Byte/ 
90 
10 
10K 


Data Polling 
Page 


5962-88634 
03 XX 
AT28HC256-90DM/883 
32K x 8 EEPROM 
Byte/ 
90 
10 
10K 


Data Polling 
Page 


5962-88634 
03 YX 
AT28HC256-90LM/883 
32K x 8 EEPROM 
Byte/ 
90 
10 
10K 


Data Polling 
Page 


5962-88634 
03 ZX 
AT28HC256-90FM/883 
32K x 8 EEPROM 
Byte/ 
90 
10 
10K 


Data Polling 
Page 


5962-88634 
04 UX 
AT28HC256F-90UM/883 
32K x 8 EEPROM 
Byte/ 
90 
3 
10K 
Data Polling 
Page 


5962-88634 
04 XX 
AT28HC256F-90DM/883 
32K x 8 EEPROM 
Byte/ 
90 
3 
10K 
Data Polling 
Page 


5962-88634 
04 YX 
AT28HC256F-90LM/883 
32K x 8 EEPROM 
Byte/ 
90 
3 
10K 


Data Polling 
Page 


5962-88634 
04 ZX 
AT28HC256F-90FM/883 
32K x 8 EEPROM 
Byte/ 
90 
3 
10K 


Data Polling 
Page 
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• 
High Performance 
CMOS Technology 


• 
Low Power Dissipation 
- Active 
and Standby 


• 
Hardware 
and Software 
Data Protection 
Features 


• 
DATA Polling 
for End of Write 
Detection 


• 
High Reliability 
- 
Endurance: 
104 Cycles 


- 
Data Retention: 
10 years 


• Single 
SV ± 10% Supply 
• Single 
3V ± 10% Supply 
• 
CMOS Compatible 
Inputs 
and Outputs 


• 
O·C to +70·C Operating 
Range 


• Typical 
Die Thickness 
of 22 Mils 


• 
Extended 
Endurance: 
105 Cycles 
• 
Military 
Product 
Performance 
(-SS·C to +12S·C) 


• 
Element 
Evaluation 
Program 


Description 


Atmel Parallel 
EEPROMs 
are available 
in die form. All die products 
are 100% electri- 


cally 
tested 
in wafer 
form 
and 
visually 
inspected 
after 
saw 
and 
clean. 
Atmel's 


EEPROM 
die products 
are processed 
with an advanced 
CMOS floating 
gate technol- 
ogy. As with all Atmel 
products, 
they are designed 
and tested 
to ensure 
high quality 
and manufacturability. 
The devices 
include 
such features 
as internal 
error correction 


for extended 
endurance 
and improved 
data retention 
characteristics. 


Atmel offers a full line of 5V and 3V die products 
(see ordering 
information 
table). An 


optional 
Element 
Evaluation 
test flow which entails sample 
packaging 
and electrical 


screening 
in accordance 
with MIL-STD 
883 M5008 
is available 
for military 
and auto- 
motive grade applications. 
Standard 
shipping 
methods 
for Atmel die products 
include 


protective 
waffle 
and wafer 
carriers. 
Optional 
packaging 
methods 
are available, 
including 
wafer 
ring mounting 
and wafer orientation 
to accommodate 
the customer's 


manufacturing 
equipment. 


Testing 


Reference 
Parallel 
EEPROM 
Die Product 
Test Flow. Die product 
Sort Test includes 
checks for DC parameters 
such as Icc and input leakage as well as for AC switching 
parameters. 
Data pattern 
testing, 
several 
oxide stress tests, and data retention 
high 
temperature 
bake tests are performed 
on a 100% basis to guard against 
pattern sen- 


sitivity and infant mortality, 
and ensure integrity of the core cell oxides. 
Contact Atmel 
for a detailed 
Die Product Test Flow Diagram, 
including 
all test conditions. 


Atmel also supplies 
die product 
processed 
to the Element Evaluation 
Test Flow which 
includes 
wafer lot assembly 
and test in accordance 
with MIL-STD 
883 M5004 
(refer- 


ence Atmel Military MIL-STD 
883 Test Flow, Section 7). 


AlmEL 
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Parallel 
EEPROM 
Die Products 


• 


Parallel EEPROM 
Die Product Test 
Flow 


FAB 
UNTESTED WAFERS 


DIE SORT 1 


100% 


AC/DC DATASHEET PARAMETERS 
PATIERN 
PROGRAMMING 


RETENTION BAKE 
250'C 


DIE SORT 2 
100% 


AC/DC DATASHEET PARAMETERS 
PATIERN 
VERIFY 


OPTICAL INSPECTION 


100% 


M2010 MIL-STD 883 


PACKAGING 


WAFFLE PACK PER MA·5008 


WAFER CARRIER PER MA-5008 


AlmEl 


Die Information 


• 
Handling: 
Instructions 
for Parallel EEPROM 
Die Product 


is available from Atme!. 


• 
Backside 
Condition: 
Silicon (grind). 


• 
Connection: 
Connect 
substrate 
to GND. 


• 
Die Map Logo: Not to scale and is shown only as a 
reference for proper orientation 
of the wafer. 


Die Product Offering - 
Battery Volt, 5 Volt, Low Volt 


Device 
Package 


Ordering 
Cadell) 
Vcc 
TAA 
Configuration 


AT28BV16-W 
2.7V - 3.6V 
250 ns 
Die 


AT28BV16-DWF 
2.7V - 3.6V 
250 ns 
Wafer 


AT28BV64-W 
2.7V - 3.6V 
250 ns 
Die 


AT28BV64-DWF 
2.7V - 3.6V 
250 ns 
Wafer 


AT28BV64B-W 
2.7V·3.6V 
250 ns 
Die 


AT28BV64B-DWF 
2.7V - 3.6V 
250 ns 
Wafer 


AT28BV256-W 
2.7V - 3.6V 
250 ns 
Die 


AT28BV256·DWF 
2.7V - 3.6V 
250 ns 
Wafer 


AT28LV010-W 
3.0V - 3.6V 
250 ns 
Die 


AT28LV010-DWF 
3.0V - 3.6V 
250 ns 
Wafer 


AT28C16·W 
4.5V - 5.5V 
200 ns 
Die 


AT28C16-DWF 
4.5V - 5.5V 
200 ns 
Wafer 


AT28C64-W 
4.5V - 5.5V 
200 ns 
Die 


AT28C64-DWF 
4.5V - 5.5V 
200 ns 
Wafer 


AT28C64B-W 
4.5V - 5.5V 
200 ns 
Die 


AT28C64B-DWF 
4.5V - 5.5V 
200 ns 
Wafer 


AT28HC64B-W 
4.5V·5.5V 
120 ns 
Die 


AT28HC64B-DWF 
4.5V - 5.5V 
120 ns 
Wafer 


AT28C256-W 
4.5V - 5.5V 
200 ns 
Die 


AT28C256-DWF 
4.5V - 5.5V 
200 ns 
Wafer 


AT28HC256·W 
4.5V·5.5V 
120 ns 
Die 


AT28HC256-DWF 
4.5V - 5.5V 
120 ns 
Wafer 


AT28C010-W 
4.5V - 5.5V 
200 ns 
Die 


AT28C010-DWF 
4.5V - 5.5V 
200 ns 
Wafer 


Note: 
1. Represents standard die product commercialtem· 


perature range guarantee. 


Die Products 


AT28C16 Die Map 
AT28C17 Die Map 


Die 
Size: 
137 
X 117 
mils 
Die 
Size: 
137 
X 117 
mils 
Connect 
Substrate 
to Ground 
Connect 
Substrate 
to Ground 


A6 
Vrx; 
AS 
Vcc 


Aa 
AS 
AS 
A7 
A9 
ROYI 
AS 
A7 
BUSY 
WE 
A9 
A4 
WE 
M 
••• 
A3 
- • 
OE 
A3 
OE 


AT28C16 
AT28C17 


A2 
A10 
A2 
A10 


A' 
CE 
A' 
CE 


AD 
VO, 
GND 
11O. 
vOs 
AD 
VO, 
GND 
VO. 
VOs 


vo. 
v02 
VO. 
vOs 
VOl 
VOo 
V02 
VO. 
VOs 
VOl 


Die Pad Coordinates· 
Die Pad Coordinates· 


Signal 
X 
y 


Name 
(11) 
(11) 


Ao 
-1130 
-1270 


A, 
-1420 
-1270 


A2 
-1420 
-920 


A3 
-1370 
950 


A. 
-1370 
1230 


As 
-1140 
1230 


As 
-900 
1230 


A] 
-660 
1230 


As 
680 
1230 


A9 
920 
1230 


A,o 
1630 
-1000 


1/00 
-870 
-1190 


Signal 
X 
Y 
Name 
(11) 
(11) 


11O, 
-610 
-1190 


1/02 
-360 
-1190 


1/03 
230 
-1190 


110. 
480 
-1190 


1/05 
740 
-1190 


1I0a 
990 
-1190 


11O] 
1250 
-1190 


GND 
-60 
-1190 


Vcc 
210 
1230 


WE 
1630 
1230 


OE 
1630 
1000 


CE 
1630 
-1220 


Signal 
X 
y 


Name 
(11) 
(11) 


Ao 
-1130 
-1270 


A, 
-1420 
-1270 


A2 
-1420 
-920 


A3 
-1370 
950 


A. 
-1370 
1230 


As 
-1140 
1230 


As 
-900 
1230 


A7 
-660 
1230 


As 
680 
1230 


As 
920 
1230 


AlO 
1630 
-1000 


1/00 
-870 
·1190 


11O, 
-610 
-1190 


Signal 
X 
y 


Name 
(11) 
(11) 


1/02 
-360 
-1190 


1/03 
230 
-1190 


110. 
480 
-1190 


1/05 
740 
-1190 


I/Oa 
990 
-1190 


1/07 
1250 
-1190 


RDY/BSY 
-100 
1230 


GND 
-60 
-1190 


Vcc 
210 
1230 


WE 
450 
1230 


OE 
1630 
1000 


CE 
1630 
·1220 


AlmEL 
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AT28C64 Die Map 
AT28C64B Die Map 


Die 
Size: 
88 X 139 
mils 
Die 
Size: 
178 
X 120 
mils 
Connect 
Substrate 
to Ground 
Connect 
Substrate 
to Ground 


A6 
A12 
A6 


AA 
All 
AS 
Vcc 
Vcc 
WE 
A6 
All 


AA 


DE 
A3 
OE 


AT28C648 


AT28C64 


A'D 


A' 
CE 


AD 
110, 
GNO 
000 
110. 
110, 


A'D 
110. 
110. 
110, 
110, 
110, 


A' 
CE 


110, 
110, 


Die Pad Coordinates· 
Die Pad Coordinates· 


Signal 
X 
Y 
Name 
(!!) 
(!!) 


Ao 
-861 
-1604 


A, 
-1015 
-1613 


A2 
-1016 
-1459 


~ 
-987 
1308 


A4 
-992 
1461 


As 
-838 
1461 


~ 
-685 
1461 


A7 
-532 
1461 


As 
343 
1461 


A,; 
496 
1461 


AlO 
908 
-1406 


A" 
872 
1506 


A'2 
-378 
1461 


1/00 
-655 
-1557 


Signal 
X 
Y 
Name 
(!!) 
(!!) 


11O, 
-494 
-1557 


1/°2 
-337 
-1557 


1/03 
58 
-1557 


1/04 
223 
-1557 


1105 
389 
-1557 


1/06 
546 
-1557 


1/07 
703 
-1557 


RDY/BSY 
-122 
1496 


GND 
-141 
-1634 


Vcc 
32 
1471 


WE 
189 
1461 


OE 
870 
1294 


CE 
903 
-1557 


Signal 
X 
Y 
Name 
(!!) 
(!!) 


Ao 
-1721 
-1401 


A, 
-1966 
-1401 


A2 
-2142 
-1131 


A3 
-2142 
939 


A4 
-2125 
1171 


As 
-1884 
1171 


~ 
-1440 
1171 


A7 
-1237 
1171 


As 
1657 
1171 


A,; 
1832 
1171 


A,o 
2035 
-1128 


Al1 
2035 
1171 


A'2 
-1063 
1171 


1/00 
-1425 
-1362 


Signal 
X 
Y 
Name 
(!!) 
(!!) 


11O, 
-1126 
-1362 


1/°2 
-796 
-1362 


1/03 
406 
-1362 


1/04 
735 
-1362 


1/05 
1035 
-1362 


1/06 
1365 
-1362 


1/07 
1664 
-1362 


GND 
57 
-1353 


GND 
-446 
-1353 


Vcc 
-443 
1240 


Vcc 
-98 
1240 


WE 
1272 
1171 


OE 
2039 
939 


CE 
1954 
-1401 


AT28HC648 Die Map 
Die Size: 178 X 120 mils 
Connect 
Substrate 
to Ground 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-1721 
-1401 


A, 
-1966 
-1401 


A2 
-2142 
-1131 


A3 
-2142 
939 


A4 
-2125 
1171 


As 
-1884 
1171 


As 
-1440 
1171 


A] 
-1237 
1171 


As 
1657 
1171 


As 
1832 
1171 


A,o 
2035 
-1128 


A" 
2035 
1171 


A'2 
-1063 
1171 


1/00 
-1425 
-1362 


Signal 
X 
Y 
Name 
(~) 
(~) 


I/O, 
-1126 
-1362 


1/02 
-796 
-1362 


1/03 
406 
-1362 


1/04 
735 
-1362 


II0s 
1035 
-1362 


1/06 
1365 
-1362 


11O] 
1664 
-1362 


GND 
57 
-1353 


GND 
-446 
-1353 


Vcc 
-443 
1240 


Vcc 
-98 
1240 


WE 
1272 
1171 


OE 
2039 
939 


CE 
1954 
-1401 


AT288V64 Die Map 
Die Size: 100 X 168 mils 
Connect 
Substrate 
to Ground 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-921 
-1867 


A, 
-1078 
-1867 


~ 
-1113 
-1710 


As 
-1080 
1702 


A4 
-1075 
1870 


As 
-882 
1870 


As 
-721 
1870 


A] 
-528 
1870 


As 
446 
1870 


As 
607 
1870 


A10 
1097 
-1720 


Al1 
1070 
1924 


A'2 
-367 
1870 


1/00 
-693 
-1826 


Signal 
X 
y 


Name 
(~) 
(~) 


I/O, 
-507 
-1826 


1/02 
-326 
-1826 


1/03 
124 
-1826 


1/04 
315 
-1826 


II0s 
506 
-1826 


1/06 
688 
-1826 


11O] 
869 
-1826 


RDY/BSY 
-77 
1924 


GND 
-100 
-1910 


Vcc 
89 
1895 


WE 
253 
1870 


OE 
1060 
1679 


CE 
1090 
-1872 • 


AlmEL 


AT288V648 
Die Map 


Die 
Size: 
178 
X 120 
mils 


Connect 
Substrate 
to Ground 


Signal 
X 
Y 


Name 
(11) 
(11) 


Ao 
-1721 
-1401 


A, 
-1966 
-1401 


A2 
-2142 
-1131 


A3 
-2142 
939 


A4 
-2125 
1171 


As 
-1884 
1171 


As 
-1440 
1171 


A] 
-1237 
1171 


As 
1657 
1171 


Ag 
1832 
1171 


A10 
2035 
-1128 


A1, 
2035 
1171 


A,2 
-1063 
1171 


1/00 
-1425 
-1362 


Signal 
X 
Y 
Name 
(11) 
(11) 


110, 
-1126 
-1362 


1/02 
-796 
-1362 


1/03 
406 
-1362 


1/04 
735 
-1362 


1/05 
1035 
-1362 


1/06 
1365 
-1362 


11O] 
1664 
-1362 


GND 
57 
-1353 


GND 
-446 
-1353 


Vcc 
-443 
1240 


Vcc 
-98 
1240 


WE 
1272 
1171 


OE 
2039 
939 


CE 
1954 
-1401 
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AT28C256 Die Map 


Die 
Size: 
178 
X 242 
mils 


Connect 
Substrate 
to Ground 


Signal 
X 
Y 


Name 
(11) 
(11) 


Ao 
-1792 
-2951 


A, 
-2037 
-2951 


A2 
-2126 
-2711 


A3 
-2126 
2490 


A4 
-2108 
2722 


As 
-1868 
2722 


As 
-1432 
2722 


A] 
-1228 
2722 


As 
1658 
2722 


Ag 
1832 
2722 


AlO 
2035 
-2677 


All 
2035 
2722 


A'2 
-1054 
2722 


Au 
1454 
2722 


A'4 
-851 
2722 


j"- 
OE 


Signal 
X 
Y 


Name 
(11) 
(11) 


1/00 
-1416 
-2911 


11O, 
-1117 
-2911 


1/°2 
-787 
-2911 


1/03 
415 
-2911 


1/04 
745 
-2911 


1/05 
1044 
-2911 


1106 
1374 
-2911 


11O] 
1673 
-2911 


GND 
-438 
-2902 


GND 
66 
-2902 


Vcc 
-435 
2790 


Vcc 
-89 
2790 


WE 
1280 
2722 


OE 
2039 
2490 


CE 
2035 
-2951 


AT28HC256 
Die Map 


Die 
Size: 
178 
X 242 
mils 


Connect 
Substrate 
to Ground 


Signal 
X 
y 


Name 
(~) 
(~) 


Ao 
-1792 
-2951 


A, 
-2037 
-2951 


A2 
-2126 
-2711 


A3 
-2126 
2490 


A. 
-2108 
2722 


As 
-1868 
2722 


Ar, 
-1432 
2722 


A7 
-1228 
2722 


As 
1658 
2722 


Ag 
1832 
2722 


A,0 
2035 
-2677 


Al1 
2035 
2722 


A'2 
-1054 
2722 


A'3 
1454 
2722 


A,• 
-851 
2722 


Signal 
X 
Y 
Name 
(~) 
(~) 


1100 
-1416 
-2911 


11O, 
-1117 
-2911 


1102 
-787 
-2911 


1/03 
415 
-2911 


110. 
745 
-2911 


1/05 
1044 
-2911 


1/06 
1374 
-2911 


1/07 
1673 
-2911 


GND 
-438 
-2902 


GND 
66 
-2902 


Vcc 
-435 
2790 


Vcc 
-89 
2790 


WE 
1280 
2722 


OE 
2039 
2490 


CE 
2035 
-2951 


AT28BV256 
Die Map 


Die 
Size: 
178 
X 242 
mils 


Connect 
Substrate 
to Ground 


Signal 
X 
Y 
Name 
(~) 
(~) 


Ao 
-1792 
-2951 


A, 
-2037 
-2951 


A2 
-2126 
-2711 


A3 
-2126 
2490 


A. 
-2108 
2722 


As 
-1868 
2722 


Ar, 
-1432 
2722 


A7 
-1228 
2722 


As 
1658 
2722 


Ag 
1832 
2722 


A,o 
2035 
-2677 


Al1 
2035 
2722 


A'2 
-1054 
2722 


A'3 
1454 
2722 


A,• 
-851 
2722 


Signal 
X 
Y 


Name 
(~) 
(~) 


1/00 
-1416 
-2911 


I/O, 
-1117 
-2911 


1102 
-787 
-2911 


1/03 
415 
-2911 


110. 
745 
-2911 


1/05 
1044 
-2911 


1/06 
1374 
-2911 


1/07 
1673 
-2911 


GND 
-438 
-2902 


GND 
66 
-2902 


Vcc 
-435 
2790 


Vcc 
-89 
2790 


WE 
1280 
2722 


OE 
2039 
2490 


CE 
2035 
-2951 
• 


AlmEL 


AT28C010 Die Map 
Die Size: 245 X 361 mils 
Connect 
Substrate 
to Ground 


AlmEL 


Signal 
X 
Y 


Name 
(~) 
(~) 


Aa 
-2647 
-4318 


A, 
-2875 
-4318 


A2 
-2960 
-4053 


A3 
-2960 
-3825 


A4 
-2973 
3847 


As 
-2973 
4112 


~ 
-2673 
4280 


A7 
-2433 
4280 


As 
2611 
4274 


Ag 
2857 
4067 


AlO 
2783 
-4200 


A" 
2857 
3839 


A12 
-454 
4274 


A13 
2384 
4274 


A14 
2156 
4274 


A1S 
-226 
4274 


A16 
2 
4274 


Signal 
X 
y 


Name 
(~) 
(~) 


1/00 
-609 
-4399 


11O, 
-274 
-4399 


1/02 
62 
-4399 


1/03 
950 
-4399 


1/04 
1288 
-4399 


1/05 
1623 
-4399 


1/06 
1961 
-4399 


1/07 
2296 
-4399 


GND 
311 
-4399 


GND 
530 
-4405 


GND 
688 
-4405 


Vcc 
286 
4310 


Vcc 
575 
4286 


WE 
1928 
4274 


OE 
2783 
-3973 


CE 
2716 
-4444 


FPGA Configuration 
Memories 


AlmEL 
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Section 
9 
Package 
Outlines 


Standard 
Package Outlines 
9-3 


Thermal 
Characteristics 
of Atmel Packages 
9-33 


Available 
Packing Methods 
and Quantities 
9-37 
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Each Atmel data sheet includes 
an Ordering 
Information 
Section 
which specifies 
the 
package 
types available. 
This section 
provides 
size specifications 
and outlines 
for all 
package types. (1) 


48A 


64A 


100A 


144A 


8C 


8C1 


24C1 


24C2 


42C1 


42C2 


48C1 


48C2 


72C1 


120C1 


16D3 


44-Lead, 
Thin (1.0 mm) Plastic 


Quad Flat Package 
(TQFP) 
9-7 


48-Lead, 
Low Profile (1.4) Plastic Quad Flat Package 
(LQFP) 
9-7 


64-Lead 
Thin (1.0 mm) Plastic Quad Flat Package 
(TQFP) 
9-7 


100-Lead, 
Thin (1.0 mm) Plastic Quad Flat Package 
(TQFP) 
9-7 


144-Lead, 
Low Profile (1.4 mm) Plastic 


Quad Flat Package 
(LQFP) 
......................•....... 
9-8 


32-Lead, 
0.600" Wide, Ceramic 
Side 


Braze Dual Inline (Side Braze) 
9-8 


40-Lead, 
0.600" Wide, Ceramic 
Side 


Braze Dual Inline (Side Braze) 
9-8 


8-Lead,0.230" 
Wide, Leadless 
Array Package (LAP) 
9-8 


8-Lead,O.300" 
Wide, Leadless Array Package (LAP) 
9-9 


24-Ball, 
Plastic Chip-Size 
Ball Grid Array Package 
(CBGA) 
9-9 


24-Ball, 
Plastic Chip-Size 
Ball Grid Array Package 
(CBGA) 
9-9 


42-Ball, 
Plastic Chip-Size 
Ball Grid Array Package 
(CBGA) 
9-9 


42-Ball, 
Plastic Chip-Size 
Ball Grid Array Package (CBGA) 
9-10 


48-Ball, 
Plastic Chip-Size 
Ball Grid Array Package 
(CBGA) 
9-10 


48-Ball, 
Plastic Chip-Size 
Ball Grid Array Package 
(CBGA) 
9-10 


72-Ball, 
Plastic Chip-Size 
Ball Grid Array Package (CBGA) 
9-10 


120-Ball, 
Plastic Chip-Size 
Ball Grid Array Package (CBGA) 
9-11 


16-Lead, 
0.300" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-11 


20-Lead, 
0.300" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-11 


24-Lead, 
0.300" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-11 


24-Lead, 
0.600" Wide, Non-Windowed, 


Ceramic 
Duallnline 
Package 
(Cerdip) 
9-12 


28-Lead, 
0.600" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-12 


AlmEL 


A1IDEL 
•••••• 
_I@ 


Standard 
Package 
Outlines 


II 


3206 


4006 


24DW3 


24DW6 


28DW6 


32DW6 


40DW6 


42DW6 


28F 


32F 


20J 


28J 


32J 


44J 


68J 


84J 


32K 


44K 


28KW 


32KW 


44KW 


68KW 


20L 


28L 


32L 


44L 


28LW 


32LW 


44LW 


8M 


48M1 


8P3 


16P3 


20P3 


24P3 


28P3 


AlmEl 


32-Lead, 
0.600" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-12 


40-Lead, 
0.600" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-12 


24-Lead, 
0.300" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-13 


24-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-13 


28-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-13 


32-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-13 


40-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-14 


42-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Duallnline 
Package 
(Cerdip) 
9-14 


28-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 
9-14 


32-Lead, 
Non-Windowed, 
Ceramic 
Bottom-Brazed 
Flat Package 
(Flatpack) 
9-14 


20-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
9-15 


28-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
9-15 


32-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
9-15 


44-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
9-15 


68-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
9-16 


84-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 
..................................•....... 
9-16 


32-Lead, 
Non-Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 
9-16 


44-Lead, 
Non-Windowed, 
Ceramic 
J-Leaded 
Chip Carrier (JLCC) 
9-16 


28-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 
9-17 


32-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 
9-17 


44-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 
9-17 


68-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip Carrier (JLCC) 
9-17 


20-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-18 


28-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-18 


32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-18 


44-Pad, 
Non-Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-18 


28-Pad, 
Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-19 


32-Pad, 
Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-19 


44-Pad, 
Windowed, 
Ceramic 
Leadless 
Chip Carrier (LCC) 
9-19 


8-Lead, 0.118" Wide, Miniature 
Small Outline (MSOP) 
9-19 


48-Ball, 
Micro Ball Grid Array Package (mBGA) 
9-20 


8-Lead, 0.300" Wide, Plastic Dual Inline Package 
(PDIP) 
9-20 


16-Lead, 
0.300" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-20 


20-Lead, 
0.300" Wide, Plastic Dual Inline Package 
(PDIP) 
9-20 


24-Lead, 
0.300" Wide, Plastic Dual Inline Package 
(PDIP) 
9-21 


28-Lead, 
0.300" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-21 


Packages 


24P6 


28P6 


32P6 


40P6 


42P6 


440 


1320 


1360 


1440 


1600 


2080 


2400 


10001 


10002 


28R 


32R 


40R 


44R 


14S 


16S 


16S1 


20S 


24S 


28S 


8S1 


8S2 


8T 


14T 


20T 


28T 


32T 


40T 


48T 


86T 


28U 


30U 


24-Lead, 
0.600" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-21 


28-Lead, 
0.600" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-21 


32-Lead, 
0.600" Wide, Plastic Dual Inline Package 
(PDIP) 
9-22 


40-Lead, 
0.600" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-22 


42-Lead, 
0.600" Wide, Plastic Duallnline 
Package 
(PDIP) 
9-22 


44-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-22 


132-Lead, 
Bumpered 
Plastic Gull Wing Ouad Flat Package 
(BOFP) 
9-23 


136-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-23 


144-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-23 


160-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-23 


208-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-24 


240-Lead, 
Plastic Gull Wing Ouad Flat Package 
(POFP) 
9-24 


100-Lead 
Plastic Ouad Flat Package (POFP) 
9-24 


100-Lead 
Plastic Ouad Flat Package (POFP) 
9-24 


28-Lead, 
0.330" Wide, Plastic Gull Wing Small Outline 
(SOIC) 
9-25 


32-Lead, 
0.440" Wide, Plastic Gull Wing Small Outline 
(SOl C) 
9-25 


40-Lead, 
0.440" Wide, Plastic Gull Wing Small Outline (SOl C) 
9-25 


44-Lead, 
0.525" Wide, Plastic Gull Wing Small Outline (SOIC) 
9-25 


14-Lead, 
0.150" Wide, Plastic Gull Wing Small Outline (JEDEC 
SOIC) 
9-26 


16-Lead, 
0.300" Wide, Plastic Gull Wing Small Outline (JEDEC 
SOIC) 
9-26 


16-Lead, 
0.150" Wide, Plastic Gull Wing Small Outline (JEDEC 
SOIC) 
9-26 


20-Lead, 
0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 
9-26 


24-Lead, 
0.300" Wide, Plastic Gull Wing Small Outline (SOl C) 
9-26 


28-Lead, 
0.300" Wide, Plastic Gull Wing Small Outline 
(SOIC) 
9-27 


8-Lead, 0.150" Wide, Plastic Gull Wing Small Outline 
(JEDEC 
SOIC) 
9-27 


8-Lead, 0.210" Wide, Plastic Gull Wing Small Outline 
(EIAJ SOIC) 
9-27 


8-Lead, 
Plastic Thin Shrink Small Outline 
Package (TSSOP) 
9-27 


14-Lead, 
0.170" Wide, Thin Shrink Small Outline 
Package (TSSOP) 
9-28 


20-Lead, 
0.170" Wide, Thin Shrink Small Outline 
Package (TSSOP) 
9-28 


28-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
9-28 II 


32-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
9-28 


40-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
9-29 


48-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
9-29 


86-Lead, 
Plastic Thin Small Outline 
Package (TSOP) 
9-29 


28-Pin, 
Ceramic 
Pin Grid Array (PGA) 
9-29 


30-Pin, 
Ceramic 
Pin Grid Array (PGA) 
9-30 


AlmEL 


180U 


58UW 


32V 


40V 


20X 


24X 


20Y 


AlmEL 


180-Pin, 
Ceramic 
Pin Grid Array (pGA) 
9-30 


58-Pin, 
Ceramic 
Pin Grid Array (PGA) 
9-30 


32-Lead, 
Plastic Thin Small Outline Package (TSOP) 
9·30 


40-Lead, 
Plastic Thin Small Outline Package 
(TSOP) 
9-31 


20-Lead, 
4.4 mm Wide, Plastic Thin Shrink Small Outline 
(TSSOP) 
9-31 


24-Lead, 
4.4 mm Wide, Plastic Thin Shrink Small Outline 
(TSSOP) 
9-31 


20-Lead, 
5.3 mm Wide, Plastic Shrink Small Outline 
(SSOP) 
9-31 


Packages 


--------- 
Packages 


44A, 44-Lead, 
Thin (1.0 mm) Plastic Quad Flat 


Package 
(TQFP) 


Dimensions 
in Millimeters 
and (Inches)' 
JEDEC STANDARD MS-026 ACB 


0.80(0.031) sseLr 


0.45(0.018) 
J 
0.30(0.012) 
I 


J. G 


~SQ 


.E- 
r 1.20(0.047) MAX 


0.20(.008) 
7 
----- 
---~ 


009(003) LL 
1Il000000lllIDI 


tn L 0.75(0.030) 
0.15(0.006) J1 


0.45(0.018) 
0.05(0.002) 


64A, 64-Lead, 
Thin (1.0 mm) Plastic Quad Flat 


Package 
(TQFP) 


Dimensions 
in Millimeters 
and (Inches)' 


JEDEC STANDARD MS-026 AEB 


0.45(0.018) 
J0.30(0.012) 
1 
0.80(0.031) sseL, 


14.10(0.555) sa 
~~~~:~~~;:uuu~ 
J 


2°T) MAX 


0.45(0.018) 
0.05(0.002 ) 


'Controlling 
dimension: 
millimeters 


AlmEL 


48A, 48-Lead, 
Low Profile (1.4 mm) Plastic Quad 
Flat Package (LQFP) 
Dimensions 
in Millimeters 
and (Inches)' 


JEDEC STANDARD MS-026 ACB 


PIN 1 ID ~ 
19.25(.364) 
sa 
8.75(.344) 


O 


~m~mm 
0.27(0.011) 


0.50(0.020) sse } 
~ 
0.17(0.007) 


7.1(0.280) sa 
CJ 


6.9(0.272) 
[ 


ji~~mmm)~ 


_j l 
0.75(0.030) 
0.15(0.006) Jl 
0.45(0.018) 
0.05(0.002) 


100A, 100-Lead, 
Thin (1.0 mm) Plastic Quad Flat 


Package (TQFP) 
Dimensions 
in Millimeters 
and (Inches)' 


JEDEC STANDARD MS-026 AED 


16.25(0.640) 
~ 


15.75{O.620)~ 
I 


O.27{O.011) 
S 0.17{O.OO7) 
1 
0.56(0.022) 
0.44(0.018)L, 


14.10(0.555) 
r-- 
13.90(0.547) 
-.., 


0.20(0.008) 
0-71. 
. .. 
I 


0.10(0.004) l&-~~-~~-~~-.I:-~~-,,~-!U 
u-o-uu-, U-U!-!!!ll-U-""-o~~,'5(0.006) J 


0.45(0.018) 
0.05(0.002) 


1.05(0.041): 


II 


AlmEL 


144A, 144-Lead, 
Low Profile (1.4 mm) Plastic Quad 


Flat Package 
(LQFP) 


Dimensions 
in Millimeters 
and (Inches)' 


JEDEC 
STANDARD 
MS-026 
BFB 


328, 32-Lead, 
0.600" Wide, Ceramic 
Side Braze 


Dual Inline (Side Braze) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D-16 CONFIG 
C 


22.25(0.876) ---l 
21.75(0.856) 


_ 0.27(0.011) 
J 
0.17(0.007) 
1 


.060(1.52) 
1r·~~·~~.~~ 


.040(1.02) L~~~~"""'~~=" 
f 
.130(3.30) 


'090(2'29)MAX11~hf-]'" 
-1'h~"'-I'H 
~ 
~~~l:~~l 


.110{2.79) 
.020{.S08) 
.060(1.52) 
.090(2.29) 
.016(.406) 
.040(1.02) 


1.500(38.10) 
REF 


0.56(0.022) 
0.44(0.018) L.- 


~ 
20.1(0.791) 
1.45(0.057) 
0.20(0.008) 
0-71 
19.9(0.783) 
~ 
- 
1.35(0.053) 


010(0.004) ~;~"~~~;"""""""I""", ,,~~ 


0.45(0.018) 
0.05(0.002) 


·Controlling 
dimension: 
millimeters 


.012(.305) 
~ 
.620(15.7) 


.008(.203) 
~ 
.59O{15.0) AT STANDOFF 


408, 40-Lead, 
0.600" Wide, Ceramic 
Side Braze 


Dual Inline (Side Braze) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 
D-5 CON FIG C 


8e, 8-Lead,0.230" 
Wide, Leadless 
Array Package 


(LAP) 
Dimensions 
in Millimeters 
and (Inches)' 


2.020(51.31) 
_ 
hC~Jd~ 
PINt1P 
IDENTIFY 


-tr .005(.127) 
MIN 


.060(1.52) 
~~~~~=~~~I 
~ 


.040(1.02) "'l~I 
.130(3.30) 


1'1 
I ~ 
..L 
.175(4.45) 


.090(2.29) 
MAX-j ~f-] 
-1~ 
f-] 
.125(3.18) 


.110{2.79) 
.020{.S08) 
.060(1.52) 


.090(2.29) 
.016(.406) 
.040(1.02) 


1.900(48.26) 
REF 


fO 


5.15 (0.203) 


4.85(Oe 


I.-- 6.15 (0.242)--1 


5.85 (0.230) 
W 


-.l 
It~~~ 
:~:~~ 
-J 
0.42 (0.017) 


0.34 (0.013) 


.012(.305) A 
620(157) 


.008(203) 1=-------1 
:590(15:0) 
AT STANDOFF 


8OTTOMVIEW0' 
L 
7 
2 
10.41 
(0.016)TYP 


1.27(0.050) 
TYP 
J 
I 
6 
3 1 


5 
4 


0.64 (0.025) TYP -../ 
\.- 


Packages 


8C1, 8-Lead 0.300" Wide, Leadless Array Package 
(LAP) 
Dimensions 
in Millimeters 
and (Inches)' 


5.15(0[0 
4.85 (0.191) 
LI.-- 8.15 (0.321) ----J 


7.85 (0.309) 
rn 


--J 
It~:~~~~~: 
J 
0.42 (0.017) 
0.34 (0.013) 


24C2, 24-Ball (5 x 5 Array), 
1.0mm Pitch, 7 x 9.5mm 


Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 


Dimensions 
in Millimeters 
and (Inches)' 


1.00 (0,039) asc 


NON·ACCUMULATlVE 
, Controlling 
dimension: 
millimeters 


AlmEL 


24C1, 24-Ball (5 x 5 Array), 1.0mm Pitch, 8 x 6mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 


Dimensions 
in Millimeters 
and (Inches)' 
rr-_- 


8.2(0.323) 


78([L- 
-' 


JJ 
0.30 
(0.012) 


1.40 
(0.055) 
MAX 
~ 


, Controlling 
dimension: 
millimeters 


42C1, 42-Ball (7 x 6 Array), 1.0mm Pitch, 8 x 8mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 


Dimensions 
in Millimeters 
and (Inches)' 
r-r--~=- 


8.2(0.323) 


U(O.307) 
Ll-------J 
JJ 
0.30(0.012) 


1.40 
(0.055) 
MAX 
l:. 


AlmEL 


42C2, 42-Ball 
(7 x 6 Array), 1.0mm Pitch, 8 x 14mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 
Dimensions 
in Millimeters 
and (Inches)' 


48C1, 48-Ball 
(8 x 6 Array), O.75mm Pitch, 7 x 7mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 


Dimensions 
in Millimeters 
and (Inches)' 


12(0283) 
rr-u-~ 


7.2(0.2&3) 


8.1(0.268) 
L'---------J 
~jJ 
0.25(0.010) 


1.30 (0.051) 
MAX 
t 


48C2, 48-Ball (6 x 8 Array), O.80mm Pitch, 8 x 10mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 
Dimensions 
in Millimeters 
and (Inches)' 


72C1, 72-Ball (12 x 6 Array), 1.0mm Pitch, 13 x 9mm 
Plastic Chip-Scale 
Ball Grid Array Package (CBGA) 


Dimensions 
in Millimeters 
and (Inches)' 


13.2(0.520) 
+1_'''~_·50·)~1~ 


j) 
0.30(0.012) 


1.40 (0.55) 
MAX 
t 


0.46(0.018) 


DIA 
BAll. 


TYP 


o 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
o 
0 
0 
0 
0 
o 
0 
0 
0 
0 
o 
0 
0 
0 
0 
o 
0 


U2(0 
.•••JJ 
1.00~.0J9)"'" 


0.88 (0.03") 
NON·ACCUMUlATlVE 


'Controlling 
dimension: 
millimeters 


Packages 


__________________ 
Packages 


120C1, 120-Ball (17 x 17 Array), 
1.0 Pitch, 19 x 19mm 
Ceramic 
Multi-Die 
Ball Grid Array Package (CerMBGA) 


Dimensions 
in Millimeters 
and (Inches)' 


19.1 .752 
rr--,.... 
74< 
-, 
~ L 1.3(.051) 


I 
1.0(.039) 


v 
00000000000000000 
T 00000000000000000 
III 00 
00 


~ gg 
gg 


~ gg 
gg 
16.15 (.636) 
~ gg 
gg ~ 


II 00 
00 
, 
00 
00 


f 
00 
00 


II 00 
00 


f; 
00 
00 


• 
00000000000000000 
••. 00000000000000000 


2003, 
20-Lead, 
0.300" Wide, Non-Windowed, 
Ceramic 
Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 D-8 CONFIG A 


I--- .985(25.0)--;;d 
1_ _ 
_ .935(23.7) _ 
_TI 
DCJO' 
.310(7.87) 


~ 
.285(7.24) 


I 
--l I-- .098(2.49) 


r--- 
.900(22.87) ----J 
MAX 


.200(5.08) 
.005(.127) 
MAX 
I r- 
MIN 


SEATINGrm:nt~ 
lfffitl 
PLANEunr 
.Vn.060(1.52) 


.200(5.08) 
.015(.381) 
.125(3.1~ I I 
~ 
JL .023(.584) 
rJ f-- 
.065(1.65) 
.014(.356) 
.110(2.79) 
.045(1.14) 


.090(2.29) 
.325(8.25) 
~ 
.300(7.62) 
tm\ 
0 REF 
.015(.381) _#-~-' 
15 


.008(.203) 
I • 
, I .400(10.2) MAX 


1603, 
16-Lead, 
0.300" Wide, Non-Windowed, 


Ceramic 
Duallnline 
Package (Cerdip) 


Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 D-2 CONFIG A 


1---830(21.1) 
~ 


1_ _ 
_ .770(19.6) _ 
_Ptl 
DCJO' 
.310(7.87) 
~ 
.285(7.24) 
I 
--l I-- .065(1.65) 
r---0.700(17.78) 
REF--J 
MAX 
.200(5.08) 
.005(.127) 
MAX 
I r- 
MIN 


SEATINGrm:nt~mnLl 
PLANEunr 
.Vn .055(1.40) 


.175(4.45) 
.025(.635) 


.125(3.18~ I I 
JL .021(.533) 
rJ f-- 
.060(1.52) 
.014(.356) 


.110(2.79) 
.040(1.02) 
.090(2.29) 
.320(8.13) 
~ 
.290(7.37) 


.015(.381) _~-' 
fs REF 
.008(.203) 
I 
I .400(10.2) MAX 


2403, 
24-Lead, 
0.300" Wide, Non-Windowed, 


Ceramic 
Dual Inline Package (Cerdip) 


Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 D-9 CONFIG A 


I--- 1.28(32.5)----;;d 


1_ 
_ 
_ 
1.24(31.5) _ _T 1 


DCJO' 
.310(7.87) 


~ 
.285(7.24) 


I-- .098(2.49) 


f---1.100(27.94) 
REF-=:j 
MAX 


.200(5.08) 
.005(.127) 
MAX 
I r- 
MIN 


SEATINGrm:nt~ 
mrn~ 


PLANEunr 
.un.060(1.52) 
.200(5.08) 
.015(.381) 
.125(3.1~ I I 
JL .023(.584) 
rJ f-- 
.065(1.65) 
.014(.356) 


.110(2.79) 
.045(1.14) 
.090(2.29) 
.325(8.25) 
~ 
.300(7.62) 
tm\ 
0 REF 


.015(.381)_#-~,-' 
is 
.008(.203) 
I 
. I .400(10.2) MAX 


2406, 24-Lead, 
0.600" Wide, Non-Windowed, 
Ceramic 
Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 
MIL-STD-1835 D-3 CON FIG A 


f---- 
1.29(32.8)------owl 


1_ _ 
_ 
124(315) 
_ 
_Pr'1 
OOlJ 
--:r15.5) 


.510(13.0) 
--l 
I-- .098(2.49) 
~ 
1.100(27.94)REF--==l 
MAX 


2~<::2) 
11 
005 
( 
~~ 


SE:~~~~tW mIm-~-~--Wi .060(1.52) 


.200(5.0~) 
~ 
JL 
.015(.381) 


.125(3.18) 
.023(.584) 
.065(1.65) 
014( 356) 


.110(2.79) 
.045(1.14) 
.. 
090(229) 
f- 620(157)j 
I~ 590(150) 


015( 381) _£ 
:: 
2l~ 
REF 


008( 203) 
I 
I .700(17.8)MAX 


3206, 32-Lead, 
0.600" Wide, Non-Windowed, 
Ceramic 
Duallnline 
Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 
MIL-STD-1835 D-16 CONFIG A 


f----168(42.7)~ 
1_ 
_ 
_ 
1.64(41.7) _ 
_Pf 1 
00lJ 


-:J15.5) 


.570(14.5) 
.--l 
I-- .098(2.49) 
~ 
1.500(38.10)REF--=::j 
MAX 


.22~<:':2) 
11·005(,;;,~ 


SE:~~~~mwmm 
~-~-~-, 
Wi 
.060(1.52) 


.2oo~~ 
~ 
JL 
.015(.381) 
.125(3.1PJ f-- 
.065(165) 
.023(.584) 


.110(2.79) 
.045(1.14) 
.014(.356) 


090(229) 
f- 620(15 7)j 
I~ 590(150) 


015(.381)-A ::a~ 
REF 
008( 203) I 
I .700(17.8) MAX 


Packages 


AlmEL 


2806, 28-Lead, 
0.600" Wide, Non-Windowed, 


Ceramic 
Duallnline 
Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 
MIL-STD-1835 D-10 CON FIG A 


f---- 
1.49(37.9)------owl 


1 
_ 
_ 
_ 
144(36.6) _ 
_Pr' 
1 
OOlJ 
--:r15.5) 


.510(13.0) 
--l 
I-- .098(2.49) 
~ 
1.300(33.02)REF--==l 
MAX 
.225(5.72) 
.005(.127) 
MAX 
II 
MIN 


~~~~I~GtW mIm--~-~-~' 
Wi 
.060(1.52) 


200(5°{l1 I 
JL 
.015(.381) 
.'25(3.1PJ 
f-- 
.065(1.65) 
.023(.584) 


.110(2.79) 
.045(1.14) 
.014(.356) 


090(229) 
620(157) 
1:590(i50)j 


015(381)_£ 
:: 
2l~REF 


008( 203) 
I 
1·700(17.8)MAX 


4006, 40-Lead, 
0.600" Wide, Non-Windowed, 


Ceramic 
Dual Inline Package (Cerdip) 


Dimensions 
in Inches and (Millimeters) 
MIL·STD·1835 D-5 CONFIG A 
L 
2.09(53.1)~ 
00 


2. 


04 


(518) 
oP:N 
-:J15.5) 


.570(14.5) 
--l 


I 
--I I-- .098(2.49) 
r-- 1.900(48.26) REF -----l 
MAX 
.225(5.72) 
.005(.127) 
MAX 
II 
MIN 


S~A~~~m~~-~-~-, 
Wi .060(1.52) 


.200(50~~ I 
I 
JL 
.015(.381) 
.,25(3.18/-1 I- 
.065(165) 
_.0_23_(._564_) 


.110(2.79) 
.040(1.02) 
.014(.356) 


.090(2.29) 
.620(15.7) 
t590(f5.0)j 
0 
it! 
:: 
=hi 
15 REF 


.015(381) -r... 
Gl-/ 
.008(.203) 


I 
I .700(17.8) MAX 


24DW3, 
24-Lead, 
0.300" Wide, Windowed, 
Ceramic 


Dual Inline Package 
(Cerdip) 
Dimensions 
in Inches and (Millimeters) 
MIL·STO·1835 
0·9 CON FIG A 
I---- 
1.28(32.5) 
~ 


I _ _ 
1.24(31.5) 
_P1N 


I 
O~o 
~! 
.310(7.87) 
~ 
W ~ 
.285(7.24) 


I 
--j f- .098{2.49) 
MAX 
r-- 
1.100(27.94) 
REF --j 


.200{5.08) 
MAX 
r- .005{.127) 
MIN 


SEATING tffim 
FrFm~ 


PLANE :t:JfU 
If!F1.060{1.52) 


.200{5.08) 
I 
I 
JL 
.015{.381) 


.125{3.18)r 
f-. 
.065{1.65) 
.023{.584) 


.110{2.79) 
.045{1.14) 
.014{.356) 


.090{2.29) 
.325(8.25) 
i=j 
.300(7.62) 


.015{.381) 
~ 
fsREF 


.008{.203) -+~~ 


I 
I .400{10.2) 
MAX 


28DW6, 
28-Lead, 
0.600" Wide, Windowed, 
Ceramic 


Dual Inline Package 
(Cerdip) 
Dimensions 
in Inches and (Millimeters) 
MIL·STO·1835 
0-10 CONFIG A 


1.49(37.9) 
L 
1.44(36.6) ~ 
O@]U 


~15'5) 


.510(13.0) 
---l 


I 
--1I _ 
.098(2.49) 
I-- 1.300(33.02) REF -----i 
r- 
MAX 


.225(5.72) 
.005(.127) 
MAX 
I r- 
MIN 


SEATINGEW~~~ 
PLANE 
. Un.060(1.52) 


.2oo(5.08W 
~ 
JL 
.015(.381) 


.125(3.18) 
023( 584) 
.065(1.65) 
-' -'- 
.110(2.79) 
.045(1.14) 
.014(.356) 


.090(2.29) 
.620(15.7) 
t .590(15.0):1 
I! ::21\ 
-9- REF 
.015(.381) _ 
~ 


.008(.203) 
I 
I .700(17.8) MAX 


AlmEL 


24DW6, 24-Lead. 
0.600" Wide, Windowed, 
Ceramic 


Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STO-1835 
0-3 CONFIG A 


1.29(32.8) 
L 
1.24(31.5)~ 
O@]U 


~15'5) 


.510(13.0) 
---l 


I _ 
.098(2.49) 


~ 
1.100(27.94)REF --=:j 
r- 
MAX 


.225(5.72) 
.005(.127) 
MAX 
II 
MIN 


SEATINGt=W~W=t 
PLANE 


.060(1.52) 


.200(5.08H ~ 
JL 
.015(.381) 


.125(3.18) 
.023(.584) 
.065(1.65) 
_ 
.110(2.79) 
.045(1.14) 
.014(.356) 


.090(2.29) 
.620(15.7) 
E59:r 


og fs REF 


.015(.381) _ 
--' 


.008(.203) 
I 
I .700(17.8) MAX 


32DW6, 32-Lead, 
0.600" Wide, Windowed, 
Ceramic 


Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STO-1835 
0-16 CONFIG A 


1.69(42.9) 
L 
1.64(41.7) ~ 
O@]U 


~15'5) 
.570(14.5) 


~f- .098(2.49) 
~ 
1.500(38.10) REF --=:j 
MAX 


.225(5.72) 
.005(.127) 


MAX 
II 
MIN 


SEATING t~~mrn~ 


PLANE tlf 
.Un.060(1.52) 


.200(5.08) 
.015(.381) 
.125(3.18~ I I 
JL .023(.584) 
i-I I- 
.065(1.85) 
--- 


.110(2.79) 
.045(1.14) 
.014(.356) 


.090(2.29) 
.620(15.7) 
t .590(15.0):1 
i!JS2J\ 
-9- REF 
.015(.381) _ 
~ 
.008(.203) 


I 
• I .700(17.8) MAX 


II 


40DW6, 40-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Dual Inline Package 
(Cerdip) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-183S D-S CONFIG A 


/---- 
2.09(53.1) ~ 


0 


1--[9] 
_2.04(51.8) -0- 
.Pi"~NIt 


.610(15.5) 
o 
~'4.5) 


I 
--If-- .098(2.49) 
I--- 1.900(48.26) REF ---i 
MAX 


.225(5.72) 
.005(.127) 
MAX 
I r- 
MIN 


SEATINGIm~mnLl 
PLANEonr 
.~n.060(1.52) 


.200(5.08) 
.015(.381) 


.'25(3.'8~ 
~ 
.065(1.65) JL .023(.584) 


.110(2.79) 
.045(1.14) 
.014(.356) 


.090(2.29) 
.620(15.7) 
g'590lrg 
I~ 
~I 
.Q.REF 
15 
.015(.381) _ 
.-/ 
.008(.203) 
I 
I .700(17.8) MAX 


28F, 28-Lead, 
Non-Windowed, 
Ceramic 
Bottom- 
Brazed Flat Package (Flatpack) 
Dimensions 
in Inches (Millimeters) 


MIL-STD-183S F-12 CONFIG B 


.370(9.40) 
r 


.250(6.35) 


.019(.483) 


~.015(.381) 
--r 


~.050(1.27) 
sse 
--r 


--L.045(1.14) 
MAX 


! 


J," D 
T12(1B.1j 
J__ 


.416(10.6) 
.384(9.75) 


.006(.152) 


.004(.102) 
[ 
h 
=1 ==, 
.-L 
:~~~~:~:~ 
t=~--=r:r 


.286(7.26) 
.026(.660) 
.274(6.96) 


.119(3.02) 


.087(2.21) 


Packages 


AlmEl 


42DW6, 42-Lead, 
0.600" Wide, Windowed, 
Ceramic 
Dual Inline Package (Cerdip) 
Dimensions 
in Inches and (Millimeters) 
L 


2.16(54.8) MAX 
~ 
PIN 


0[9]['-::r,5.5) 


.570(14.5) 


~I-- .098(2.49) 
~ 
2.000(50.80) REF -=:j 
MAX 


.225(5.72) 
.005(.127) 
MAX 
I r- 
MIN 


SEATING l~~ffffitl 


PLANE tlU 
'un.060(1.52) 


.200(5.08) 
.015(.381) 


.'25(3.'8~ 
~ 
~ 
.065(1.65) JL .023(.584) 


.110(2.79) 
.045(1.14) 
.014(.356) 


.090(2.29) 
.620(15.7) 
t.590(15.0):1 
--Ii 8E2l\ 
.Q. REF 


.015(.381) 
~ 


.008(.203) 
I 
I .700(17.8) MAX 


32F, 32-Lead, 
Non-Windowed, 
Ceramic 
Bottom- 
Brazed Flat Package (Flatpack) 
Dimensions 
in Inches and (Millimeters) 
MIL-STD-183S F-18 CON FIG B 
JEDEC OUTLINE MO-l1 5 


I-- 
.370(9.40) 


1 
,.270(6.86) 
----i 
----r 
.019(.482) 
.015(.381) 


----i 
----r 
.050(1.27) 
Bse 


----i 


l .045(1.14) 
MAX 


.006(.152) 
f:004fiOi1 


1:408(10.4) 
~ 


.355(9.02) 


.120(3.05) 
.098(2.49) 
I 
:=II 
I 


.045(1.14) 
.026(.660) 
~t 


.072(1.82) 
.030(0.76) 


20J. 20-Lead. 
Plastic J-Leaded 
Chip Carrier (PLCC) 


Dimensions 
in Inches and (Millimeters) 
JEDEC STANDARDMS-018 AA 


.~(1.14) 
X45· PINNO.1 
.045(1.14)X30· -45· .012(.305) 


LF9IDENTIFY 
Yli=;:I 
.008(.203) 
IT 
I 
Q 
I 
~ 
.330{8.38) 
j 
.356{9.0)sa 
t 
.290{7.37)sa 


'032{'813)JL~'350(8'9) 
[8.021(.533) 


.026{.660)i 
~1~95{10.0)sa 
.013(.330) 


T 
Lf85{9.80) 


.050(1.27)TY 
t 
tl.043(1.09) 
I • 
I .200(5.01)REFsa 
.020(.508) 


~~ 


:~~~~~:~~: 


.180(4.57) 
.165(4.19) 
L~~.022{.559)X45· MAX (3X) 
I 


32J. 32-Lead. 
Plastic J-Leaded 
Chip Carrier (PLCC) 


Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARDMS-016 AE 


.045(1.14)X45· 
PINNO.1 
.025(.635)X30· - 45· 


<i9DENTIFY 
Ulf .012(.305) 
-.l.-- 
"I~ 
.008(.203) 


D 
~ 
< 
I 
----l 
.530(13.5) 
.553(14.0) 
--.- 
.490(12.4) 


.032(.813) T 
.547(13.9) 
T 


.026(.660) iLJ11595(15.1) 
~'021('533) 
.585(14.9) 
.013(.330) 


T 
j 


.050(1.27)TYP 
~ 
.300(7.62)REF n:~~~~;;~~ 


" 


.430(10,9) 
.095(2.41) 
.390(9.90) 
.060(1.52) 


ATCONTACT 
.140(3.56) 
POINTS 
.120(3.05) 


~~!.-l'022(.559) 
X45· MAX(3X) 


1~:~;g~:~~jfl1 
1.:--.495(12.6) 


.485(12.3) 


AlmEL 


28J, 28-Lead. 
Plastic J-Leaded 
Chip Carrier 
(PLCC) 


Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARDMS-018 AS 


.045(1.14)X4S· PINNO.1 
.045(1.14)X30· - 4S· .012(.305) 


LF9DENTIFY 
YJ::I 
.008(.203) 
;l' 
IT 
-.-l 
.430(110.9) 


.L 
.456(11.6)sa 
I 
.390(9.91)sa 


.032(.813) T 
.4S0(11.4) 
.021(.S33)t 


.026(.660)jL~U49S(12'6)sa~.013('330) 
-. 
.48S(12.3) 


.OS0(1.27)TYP 
t 
U.043(1.09) 
I • 
1.300(7.62)REFsa 
.020(.S08) 


~~ 
:~;~~~~~~ 
.180(4.S7) 
.165(4.19) 
L~~ 
.022(.5S9)X45· MAX(3X) 


I 


44J, 44-Lead. 
Plastic J-Leaded 
Chip Carrier (PLCC) 


Dimensions 
in Inches and (Millimeters) 
JEDEC STANDARDMS-018 AC 


.045(1.14)X45' 
PINNO.1 
.045(1.14)X30' . 45' 
.012(.305) 


LFlDENTIFY 
Yli=;:I 
.008(.203) 
.l 
~6.7) 
-l.630J60) 
.650(16.5)50 
-, 
.590(15.0) 


.032(.813)TL~ 
~021(S33) 
.026(.660)1 
~I~9S(17.7)SO 
013(330) 
UB5(17.4) 


.OSO(1.27)Jp 
j 
tl 
043(109) 
I • 
• I .500(12.7)REFSO 
020(508) 
120(305) 
rw~ 


090(229) 


180(457) 
165(419) 
L~~ 
022(559)X4S'MAX(3X) 
-. 


68J, 68-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 


Dimensions 
in Inches and (Millimeters) 


JEDEC 
STANDARD 
MS-018 
AE 


PIN NO.1 
.045(1.14) X 30' - 45' 


~ 
X 45' 
IDENTIFY 
'-1[1.012(.305) 
F9 
:r- 
I 
.008(.203) 
l 
.958(24.3) so 
-.i 
r 


.032(.813) T 
.950(24.1) 
-:J1(.533) 


.026(.660) 
.LL~lr995(25'3) 
so ~ 
.013(.330) 
.930(23.6) 
.985(25.0) 
.890(22.6) 
r 
j 
! 


.050(1.27) TYP 
I 
1.800 REF so t1020(051) 
MIN 
.120(3.05) 


~, 


.090(2.29) 
.180(4.57) 
.165(4.19) 
L~J 
.020(0.51) X 45' MAX(3X) 


---. 


32K, 32-Lead, 
Non-Windowed, 
Ceramic J-Leaded 


Chip Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


.035(.889) X 45' 
! .045(1.14) X 45' 
l;d 
.010(.254) 
-.l.-Fj 
I~ 
.006(.152) 


Ji 
~ 
~ 
t 
.r. 
.565(14.4) 
-. 
.530(13.5) 


.032(.813) r 
.545(13.8) 
.021(.533) .490(12.4) 


.026(.660) .LLJ: 
1:595(15.1) 
.017(.432) 


~585(14.9) 


.050(1.27) Jp 
t 
.045(1.14) 
r-----i .300(7.62) REF 
.027(.686) 
n 


.43O(10.9) 
.103(2.62) 


.390(9.90) 
.073( 1.85) 
ATCONTACT 
.167(4.24) 


POINTS 
.140(3.56) 


~t(A-jl0.25(.635) RADIUS MAX(3X) 
.445(11.3) 
.495(12.6) 
.465(12.3) 


AlmEL 


84J, 84-Lead, 
Plastic J-Leaded 
Chip Carrier (PLCC) 


Dimensions 
in Inches and (Millimeters) 


JEDEC 
STANDARD 
MS-018 
AF 


PIN NO. 1 
.04~.14) 
X 30' - 45' 


.045 X45' 
IDENTIFY 
J .012(.305) 
.L:F911 
.006(.152) 


1i 
~ I 
---l 
L 
1.16(29.4) 
---. 
1.13(28.7) 
.032(.813)T 
1.15(29.2)SO 
.022(.559) 1.09(27.7) 


.026(.660)lL~U1.195(30.4) so l§.013(.3301 
1.185(30.1) 
1 
j 
.050(1.27) TYP 
1--------11.00 
REF SO 
U·020(0.51) 
MIN 
rw~ 
·;ilif1J~~ 


L~-.l'020(0'51) 
x 45' MAX(3X) 
---. 


44K, 44-Lead, 
Non-Windowed, 
Ceramic 
J-Leaded 


Chip Carrier (JLCC) 
Dimension 
in Inches and (Millimeters) 


.035(.889) X 45' 


f~Xj45' 1, 
W~l 


.r~. 
.665(16.9) 
-. 
.630(16.0) 
r~ 
.645(16.4)SO 
T 
.590(15.0) 
:~;~~::~~l 
~L lJ::~g~:~~so 
f1$:~~;~:;;;~ 


.050(1.27)TYP 
~ 
l n~ 
.451.14 
I 
I .500(12.7) REF so 
.035(.889) 
.120(3.05) 
r, 


.090(2.29) 
.180(4.57) 
.156(.396) 


~~ 
.~('~'"'""'-"'" 


------------ 
Packages 


2BKW, 28-Lead, 
Windowed, 
Ceramic 
J-Leaded 
Chip 


Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-J7 
JEDEC OUTLINE MO-087 AA 


.035(.889) X 45' 
L~~45' 
YJ~~:~~~ 
:P[ 
~ 
~ 
.430/,0.9) 


.L 0 
.465(11.8)5 
I 
.390(9.91) 
.032(.813)r 
.445(11.3) 
0 
T 


.026(.660)if 
"'-.-J 
lJ:~g~~~so 
~~~~::;~: 


.050(1.27)rfrLo-mro-c-cl 
ltl~ 
.045(1.14) 


1 
• 1.300(7.62) REF SO 
.035(.889) 
.120(3.05) 
r1J1JiJi' 
.090(2.29) 
~ 
.180(4.57) 


s:=' 
.156(3.96) 
Lmt....~'"' 
"AA"" 


44KW, 44-Lead, 
Windowed, 
Ceramic 
J-Leaded 
Chip 


Carrier (JLCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 CJ1 


.035(.889) X 45' 
•. 045(1.14)X45' 
,.010(.254) 


...l.-~~:==:---r 
~ 
.006(.152) 
~[ 
;--r 
~ 
.63J16.0) 


.L 0 
.665(16.9)50 
I 
.590(15.0) 
.032(.813) j 
.645(16.4) 
T 


026(.660) if 
\....J tl::~~;~:~ 
so ~:~~~::::~ 


.050(1.27)JpL~---_t 
nlJ1b. 
.045(1.14) 
I • 
• 1.500(12.7) REF so 
.035(.889) 
r~ 
:~~:~:~ 
.180(4.57) 
.156(3.96) 


AlmEL 


32KW, 32-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip 
Carrier 
(JLCC) 
Dimensions 
and Inches and (Millimeters) 


.035(.889)X45' .010(.254) 
l.jb:1r .006(.152) 
r@-i .5301,35) 


~ 


~:L::~('24) 


.017(.432) 


.045(1.14) 
.027(.686) 
.'03(2.62) 
.073(1.85) 
.167(4.24) 
.140(3.56) 


L5(1.14)X45' 


~~~ 
L 0 
.565(14.4) 
.032(.813) r 
.545(13.8) 


.026(.660)"iL::J: 
1,595('5.1) 
~585(14.9) 


.050(1.27)Jp 
t 


~ 
.300(7.62)REF 
n 


430(10.9) 
.390(9.90) 


AT CONTACT 
POINTS 


btA-j, 
.025(.635)RADIUSMAX(3X) 
.445(11.3) 
.495('2.6) 
.485(12.3) 


6BKW, 58-Lead, 
Windowed, 
Ceramic J-Leaded 
Chip 
Carrier 
(JLCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-J2 
JEDEC OUTLINE MO-087 AD 


~~~ 
'035(.qJ)~' :~~~:~~:~ 
JE[~- 
~ 
-l 
• 
r. 
.965(24.5), 
.093(23.6) 
O 


---so 
.890(22.6) 
.032(.813)j 
.930(23.6) 


.026(.660)lL~~995(25'3)so 
.021(.533) 
.985(25.0) 
.017(.432) 
1 
l 
.050(1.27) TV? 
I. 
. 1.800-R-E-F-S-0-- 
• 


20L, 20-Pad, 
Non-Windowed, 
Ceramic 
Leadless 


Chip Carrier (LCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-2 


.100 
(2.S4) 
l r:oonmri 
...j 
~ 


.070(1.18) 
.0S5(1.~ 


'0liI5(2,.1)~·::1~:~r 
It.OEXOORNER 


.075(1.91) 
1-1 
L~ 
. 
1 or 
1vj1~::L:;::",8 


.200(S."')BSC F 
~ 
.007(.'78) 


L~l~ 
i.. 
.021 (.533) 


.060 (127)TYP 
L:= 
.000(1.02)X45· 


I L 
.065(2.16) 


.200(5.08)BSC 
~ 


32L, 32-Pad, 
Non-Windowed, 
Ceramic 
Leadless 


Chip Carrier 
(LCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-12 


.100(2.54) 
l r .085('.'.)i 
...j 
~ 


.07S(1.il) 
.059(1..49) 
Pl" ,;} 


'''') 
095(2.-41) 
045(11.) 


075(1 81) 
fl 
INDEX CORNEA 


€ r 


025(635) 
, 


.- 
015(381) 
X45 


I 
012(305) 
RADUS 


.400(10.21REF 
~ 
D07t 178) 
I 
L~ 
~'l029(737) 
:~~J 
.02'(533) 


050('-27)TYPL:j t:::: 
X45'(3Xj 


.300{7.82)REF 
.06S{1.65) 


Packages 


AlmEL 


28L, 28-Pad, Non-Windowed, 
Ceramic 
Leadless 


Chip Carrier (LCG) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-4 


.100{2.S4} 
l r .085('.'.)i 
...j 
~ 


.070(1.78) 
.055(1.•••) 
PINtl$ 


055(, 
.•••) 


.095(2 •• 1) 
.04S(101o4)r 
INDEXCORNER 


.0;75('.9' 
~q .025(.635) 
f 
.015(.381) 
X45- 
.012(.305) 
RADIUS 


.300(7.62) BSC 
1. .007(.'7.) 


L~l.029(.737) 
i 
.02' (.533) 


.050(1.27)TYP 
~ 
.040(1.02) X45' 
I-L 
.085(2.18) 
.300(7.62)BSC 
.065(1.85) 


44L, 44-Pad, 
Non-Windowed, 
Ceramic 
Leadless 


Chip Carrier (LCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-5 


!$ 


055(UO) 


.095(2.41) 
.045(1.1.) r 


.075(1.9' 
[l 


.~,:=i ~ 
L~u ...•~1 


050("7)TY~~ 


.500(12.7) REF 


.108(2.7.) 
l r .085('.1.)i 
...j 
~ 


.080(2.03) 
.055(1.50) 


:~~::~ 
X45· 


.012(.305) 
RADIUS 


.007(.178) 


.040(1.02) X 45' (3X) 


.085(2.16) 
.085(1.85) 


------------ 
Packages 


28LW, 28-Pad, Windowed, 
Ceramic 
Leadless 
Chip 


Carrier 
(LCC) 


Dimensions 
in Inches and (Millimeters) 
MIL-STD-1835 C-4 


32LW, 32-Pad, Windowed, 
Ceramic 
Leadless 
Chip 


Carrier (LCC) 
Dimensions 
in Inches and (Millimeters) 
MIL-STD-1835 C-12 


.110(2.79) 
l r .095(2.41) 


~ 
--I I- 


.070(1.78) 
.055(1.40) 


.117(2.97) 
l r .100(2.54)I 
--I I- 


.~PIN~ 
~ 
~ 
.045(1.14) 


.075{1.91) 
.L1INDEX CORNER 
i ~:~~::l 
X45' 
1 
.012(.305) 
RADIUS 


.400(10.2) REF 
'--.L 
.007(.178) 


I 
~ 
~~029(737) 


~~~--l021(533) 


.050(1.27) TVP--I ~' 
I TL 
.040(1.02) X 45' (3X) 
L--I L.- 
.085(2.1.) 


.300(7.82)REF 
.065(1.85) 


.040(1.02) 
X 45- (3X) 


.085(2.16) 
.005(1.<'., 


44LW, 44-Pad, Windowed, 
Ceramic 
Leadless 
Chip 


Carrier 
(LCC) 
Dimensions 
in Inches and (Millimeters) 


MIL-STD-1835 C-5 


8M, 8-Lead, 0.118" Wide, Miniature 
Small Outline 


(MSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


W 


-H-I~ 


2.90(0."4) 


o 


-l l- 0.65 (0.026) TYP 


.120(3.05) 
l r .100(2.54)I 
--I I- 
.010(2.03) 


PIN1 
.059(1.50) 


~ 


055(1.40) 


.0i5(2.411 
.045(1.14) r INDEXCORNER 


'ff°7S(U1 1~ 
.025(035] x 
• 
r- 
.015(.381) 45 


I 
.012(.305) 
RADIUS 


.500(12.7) BSC 
1- .007(.178) 


L~ 


I,029('737) 
J...ll21(.533) 


.000(127)TYP 
'0.040(1.02) 
X45'(3X) 


I-L~ 


.500(12.7)REF 
.065(1.65) 


3.10(0.122) 
2.90 (0."4)n 
1.10(0.043) 
GIDil~ 0.97 (0.038) 


0.15 (O.OO6)TI 
0.05 (0.002) 


.L=:=L 
0.23 (0.009) 
~J 
0.13(0.005) 
J 


3.•' J[ 
a.1SD} 
REF 


4.90 (0.193) 
REF 


AlmEL 
• 


48M1, 48-Ball, 
(8 x 6 Array), 0.75mm 
Pitch, Micro 


Ball Grid Array (mBGA) 
Dimensions 
in Millimeters 
and (Inches)" 


16P3, 16-Lead, 
0.300" Wide, Plastic Duallnline 


Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARD MS-OOl BB 


L·790(20.')~ 
ooo=r=: 
I 
--l I-- .080(2.03) 
f--O.7oo(17.78) REF--J 
MAX 


2OO(t~ 
11005(~~ 


SE:~~I fITil1~ 
trU1Ll 
tl¥ 
.Un .070(1.78) 
~~~:~~I 
I 
JL02:i('~~f08) 
~ f- 
.014(.356) 


100(254) BSC::g~~: 


1---1 
.320(8.13) 
I ...-=--> I 
.290(7.37) 
A 


.Q.REF 
15 
.012(.305) _ 
.-/ 


.008(.203) 
I 
I .400(10.2)MAX 


Packages 


AlmEL 


8P3, 8-Lead, 0.300" Wide, Plastic Duallnline 
Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 


.400 (10.16) 
.355 (9.02) 
U0 


'·280(7.11) 
~ 
.240(6.10) 


I 
---If-- .037 (.940) 
.300 (7.62)REF~ 
.027(.690) 


.210 (5.33)MAX 
.100 (2.54)Bse 


SEATINGf~ 
I 
PLANEr 
-L 


150(3~U I~ 
Ill.015(38O)MIN 
.115 (2.92) r :jr- .022(.559) 


.070(1.78) 
.014(.356) 
.045(1.14) 


1----1 
.325 (8.26) 
I~I·~ 


&REF 
.012 (.305)_ 
.-/ 


.008 (.203) f----i .430(10.9)MAX 


20P3, 20-Lead, 
0.300" Wide, Plastic Dual Inline 


Package 
(PDIP) 


Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARD MS-OOl AD 


r--- 
1.060(26.9) ----;;;::l 
I _ _ 
.980(24.9) 
_ T I 
000t 
.280(7.11) 
---l 
.240(6.10) 
I 
--lI-- .090(2.29) 
I-- .900(22.86)REF --J 
MAX 


210(t:;;~ 
11005(~~ 


SEATINGI fITil1~ 
51rrLl 


PLANE:t:::Jnr 
.Un 


.'50(3.8~) 
~ 
JL 
.015(.381) MIN 
.115(2.92) 
.022(.559) 
.014(.356) 
.110(2.79) 
.070(1.78) 
.090(2.29) 
.045(1.13) 


1-----1 
.325(8.26) 
I ~ 
I 
.300(7.62) 
IrFti Jl. REF 


.014(.356) -#-~~ 
.008(.203) 
I 
1.430(10.92) MAX 


__________________ 
Packages 


24P3, 24-Lead, 
0.300" Wide, Plastic Dual Inline 


Package 
(PDIP) 


Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARD MS-OOl AF 


28P3, 28-Lead, 
0.300" Wide, Plastic Dual Inline 
Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 


L1.27(32.3)~ 
ooo=r~~:: 


I 
--11--090(229) 


r--1.1OO(27.94)REF--I 
MAX 


SEATlN~fhmt~Wi 
-~~ 


PLANE unr 
.070(1.78) 


~~~~;~ I 
I 
JL02:in~~)8) 
r-J 
f-014(.356) 


.110(2.79) 
.065(1.65) 


.090(2.29) 
.040(1.02) 


f------l 
.325(8.26) 


I r--=-> I 
.300(7.62) 


~ 


OREF 


.012(.305) 
c;::j 
15 


.008(.203) 
I ' 
I .400(10.2)MAX 


L 1.47(37.4) ~ 
OOo=r~:: 


I 
--1I-- .090(2.29)MAX 


r--1.3OO(33.02) REF--j 


.200(5.06)MAX 
-11.005(.127)MIN 


SEATINGrhmt~@~ 


PLANE:tJrtr 
u==r 
.070(1.78) 


.'5'(3.84~ 
~ 
JL 
.020(.508) 


.125(3.18) 
.023(.584) 
.014(.356) 


.110(2.79) 
.065(1.65) 


.090(2.29) 
.040(1.02) 


f------l 
.325(8.26) 


I r--=-> I 
.300(7.62) 


~ 
fsREF 


.012(.305)+~~~ 
.008(.203) 


I • 
1·400(10.2)MAX 


24P6, 24-Lead, 
0.600" Wide, Plastic Dual Inline 


Package 
(PDIP) 


Dimensions 
in Inches and (Millimeters) 


JEDEC STANDARD MS-Oll 
AA 


28P6, 28-Lead, 
0.600" Wide, Plastic Duallnline 
Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 
JEDEC STANDARD MS-Oll 
AS 


1.27(32.3) 
t=---=- 1.24(31.5)~ 
DOlj 


-=ru) 
.530(13.5) 
--l 


I 
--1I-- .090(229) 


r-- 
1.100(27.94)REF --i 
MAX 


220(~~ 
11005(~~ 


SEATING1m ~ 
crITitl 


PLANEt::1f 
·u n.065(1.65) 


.161(4.09) 
.015(.381) 


125(31~ 
l065(165) 
JL~~~t~~: 


.110(2.79) 
.041(1.04) 


.090(2.29) 
.630(16.0) 
I:.590(15.0)j 


.012(.305) --ti~¥ 
REF 


.008(.203) 
I 
.690(17.5) 
I 
r-- .610(15.5)--J 


1.47(37.3)------;;;;;j 
t=---=- 1.44(36.6)_ 
_ ~NI 


DOlj 
-:!44) 


.530(13.5) 
--l 


I 
--1I-- .090(2.29) 


r-- 
1.300(33.02)REF --i 
MAX 


22~~i9) 
11005( 
~I~ 


SEATING1mT51TILl 


PLANEt::1f 
·u n.065(1.65) 


.161(4.09) 
.015(.381) 
.125(3.1!ij)II 
JL .022(.559) 
fl \-- 
.065(1.65) 
.014(.356) 


.110(2.79) 
.041(1.04) 


.090(2.29) 
.630(16.0) 
~ 


.012(.305)--Ii 
4.!REF 


.008(.203) f-:~~~~;: 
-l 


AlmEL 
• 


32P6, 32-Lead, 
0.600" Wide, Plastic Dual Inline 


Package 
(PDIP) 
Dimensions 
in Inches and (Millimeters) 


1.67(42.4) 
L 
1.64(41.7) ~ 
003 
-:L44) 


.530(13.5) 
--l 


I 
--1f- .090(2.29) 
t--- 
1.500(38.10) REF ---i 
MAX 
.220(5.59) 
--l t-- .005(.127) 


SEATIN:T-hTIT1 T@..1 
MIN 


PLANE ~ 
·Uv--l[.065(1.65) 


.161(4.09) 
.015(.381) 


.125(3.1'm1 I 
JL .022(.559) 
F1 f- 
.065(1.65) 
.014(.356) 


.110(2.79) 
.041(1.04) 


.090(2.29) 
.630(16.0) 
t.500(i5.0)j 


.012(.305)-4 
~.!REF 


.008(.203) 
I 
.690(17.5)-1 
r-- .610(15.5) 


42P6, 42-Lead, 
0.600" Wide, Plastic Dual Inline 


Package 
(PDIP) 
Dimensions 
in Inches and (Millimeters) 


2.07(52.6)--.;;rl 
L--=- 
2.04(51.8) _ 
_ P1N I 
DO~~ 


.530(13.5) 
--l 


I 
--1f- .04511.143) 
t--- 
2.000(50.80)REF --1 
.025 o.~ 


.220(5.59) 
--t t-- .OO5{.127) 


SEATIN:T-mTIfT@..1 
MIN 


PLANEtl¥ 
.U n 
.065(1.65) 


.161(4.09) 
.01S(.381) 


.'2S(31~ 
~ 
.065(1.6S) JL :~~t~~ 


.110(2.79) 
.041(1.04) 


.090(2.29) 
.630(16.0) 
t .59O(15.li)j 


.012(.3OS)-4 
dJ\J REF 


.008(.203) f-:::~~:~:-I 


Packages 


AlmEL 


40P6, 40-Lead, 
0.600" Wide, Plastic Duallnline 


Package (PDIP) 
Dimensions 
in Inches and (Millimeters) 
JEDEC STANDARD MS-011 AC 
r--- 2.07(S2.6)--.;;rl 
I _ _ 
_ 
2.04(51.8) 
_ 
_ PiN I 
OOlj 
-=r4.4) 
.530(13.S) 
--l 


I 
--If-- .090(2.29) 
t--- 
1.900(48.26)REF --1 
MAX 


~t.S9) 
IIOOS(~~ 


SEATING[WTWi 
PLANE 
.06S(l.65) 
.161(4.09) 
.01S(.381) 


12S(31~ 
~ 
~065(16S) JL~~(::) 
.110(2.79) 
.041(1.04) 
( 
) 


.090(2.29) 
.630(16.0) 


t59O(15.li) j 


.012(.305)-i! 
:A.J REF 


.008(.203) f- .690(17,S)-I 


.610(15.5) 


44Q, 44-Lead, 
Plastic Quad Flat Package 
(PQFP) 


Dimensions 
in Millimeters 
and (Inches)" 


JEDEC STANDARD MS-022 AS 


'g~Ig1J~1sa 
~0 
r 2.45 (0.096)MAX 


0.17(0.007) 
7 
J. 
j---~ 


~~J\m~mm~JLJ 
I, j L A:n mgul 
----r:! 0.25 (0.010)MAX 


Packages 


1320, 
132-Lead, 
Bumpered 
Plastic Quad Flat 
Package 
(BQFP) 


Dimensions 
in Millimeters 
and (Inches)' 


1.085(27.56) 
sa 


- 
1.07S{27.31) 
I 


PIN110~ 
I 


~~~ 


0.012(0.31) 
-f 0.008(0.20) 
0.027(0.68) 
0.023{0.58)Lr 


~$a 


~ 


1.097(27.86) h~ 
0.00&(0.20) 
0-10 
O.180(4.57} 
0.004(0.10)1..L-1lJi':;;=U=III;;;il=m=m;;;lj=m;;;lI;;;;;ui 
-----I...- 


I\:I 
I.-0.030(0.76) 
0.040(~ 
J I 
0.020(0.51) 
0.020(0.51) 


1440, 
144-Lead, 
Plastic Gull Wing Quad Flat 
Package 
(PQFP) 


Dimensions 
in Millimeters 
and (Inches)' 


22.25(0.876) ------J 
21.75(0.856) 
~ 
I 


0.17(0.007) 


.f 0.27(0.011) 
1 


0.56(0.022) 
0.44(0.018) Lr 


1360, 
136-Lead, 
Plastic Quad Flat Package 
(PQFP) 
Dimensions 
in Millimeters 
and (Inches)' 


1.266(32.15) 


1.246(31.65)$0:l 


o 
.014(.35) 
-f 
.009(.22) 
.0256(0.65) BSCL, 


1.106(28.10) 
o 
1.098(27.90)50 


.008(0.203) 
7' 


.0051(0.13) 1.L. 
I'.....J l- .037(0.95) 
.026(0.65) 


, Controlling 
dimension: 
millimeters 


1600, 
160-Lead, 
Plastic Gull Wing Quad Flat 
Package (PQFP) 
Dimensions 
in Millimeters 
and (Inches)' 


1.238(31.45) 
~s0:l 


o 
.016(0.40) 
-f .008(0.20) 
.0256(0.65) Bse L, 


1.106(28.10) 
---so 
7 
1.098(27.90) 


.009(0.23) 
0 


.004(0.10)If: 


.....J l- .037(0.95) 


.025(0.65) 
• 


2080, 208-Lead, 
Plastic Gull Wing Quad Flat 


Package (PQFP) 
Dimensions 
in Millimeters 
and (Inches)* 


1.238(31.45)sa 


1.218(30.95) :::l 


o 


.020(0.50)8SCl 


T 


.012(0.30) 
f· 004(0.,0) 


1.106(28.10) 
---so 
10 
1.098(27.90) 


.008(0.20) 
-0 


.004(0.10)1..L... 
Iql- .037(0.95) 


.025(0.85) 
.002(0.05) 


• Controlling 
dimension: 
millimeters 


10001, 
100-Lead 
Plastic Quad Flat Package (PQFP) 


Body +3.2 mm Footprint 
Dimensions 
in Millimeters 
and (Inches)· 


17.44 (0.687) ---j 


16.95 (0.667) _ 
I 
1 
20.12 (.792) 
19.87 (.782) 
J 


23.45 (0.923) 


o LI 


O 


. 


904 


) 


0.65 (0.026) BSCl 


0.41 (0.016) 
r 


0.22 (0.009)1 


14.12 (0.556) 


7 
~ 
13.87 (0.546)l:I- 
3.40 (.134) MAX 
0.25(0.010)"0 
_ 


0.10 (0.004)1..L:...- )""~II~m~~!~m~ii~!ii~IIIII~II!-+ 


rpL-'·03(0.04') 
----.-. 


0.73 (0.028) 0.10 (0.004) MIN 


• Controlling 
dimension: 
millimeters 


Packages 


AlmEL 


2400, 
240-Lead, 
Plastic Gull Wing Quad Flat 


Package (PQFP) 
Dimensions 
in Millimeters 
and (Inches)* 


~ 


:='::"~."'l"" 
.121(S.22) 
=~ 
-ll1il-W-;'il-ml-ltj-Ff1 
!! 
.02D(0.5llt 


o 
.00:2(0.D5} 


10002,100-Lead 
Plastic Quad Flat Package (PQFP) 


Dimensions 
in Millimeters 
and (Inches)· 


19.10(0.752)1 
18.49 (0.728) 
1 
20.12 (0.792) 
19.87 (0.782) 
0.85 (0.26) BSCL 


0.41 (0.016) 
r- 


0.22 (0.009)1- 
25.10 (0.988) 
24.48 (0.964) 
U 


7 
-3.40(0.134) 
MAX 


0.25 (0.010) 
-0 
0.10(0.004) "tL. 


• QL-~::~ 
~~:~;;~ 0.10 (0.004) MIN 


• Controlling 
dimension: 
millimeters 


28R, 28-Lead, 
0.330" Wide, Plastic Gull Wing Small 
Outline 
(SOl C) 


Dimensions 
in Inches and (Millimeters) 


32R, 32-Lead, 
0.440" Wide, Plastic Gull Wing Small 
Outline (SOIC) 
Dimensions 
in Inches and (Millimeters) 


:~~:~lll _ 
QO~~.. 
J2.5) 
.338(8.59) .460(11.7) 


PIN 1 10 
0 
--l 
I 


---J I-- .050(1.27)BSC 


~4:::11 


OOD 


-]'3)l 


.435(11.0) .546(13.9) 


PIN110 
0 
~ 
l 


---J I-- .050(1.27)Bse 
r-~~~JI,- 
j_~ 
.110(2.79) 
m 
t!nn~ [.090(2.29) 


.020(.508) ] 
.002(.051) 


____ 
.013(.330) 
.i-jJ""=I===<» i\,--.L 
.008(203) 


~. 
.050(1.27) 
11=r 
8 REF 
.037(.9'0) ---j r 


40R, 40-Lead, 
0.440" Wide, Plastic Gull Wing Small 
Outline 
(SOl C) 


Dimensions 
in Inches and (Millimeters) 


44R, 44-Lead, 
0.525" Wide, Plastic Gull Wing Small 
Outline (SOIC) 
Dimensions 
in Inches and (Millimeters) 


:M~l:~lll _ 
QD~ 


J1'3) 
.58L.) 
.435(11.0) .546(13.9) 


PIN 110 
0 
_~ 
l 


---J I-- .050(1.27) BSC 


.637(16.18) 
"'r 
I~I 
m~5a---.L 


.011(.279) ] 
.004(.102) 


.109(2.77) 
[ 
.090(2.29) 
I~I 
~ 
WQ[ll]J1w:J 
.090(299) 


.013(0.~ 
.005(1.27) 


,fli 
~ 
~ 
~ t~_____ 
........I 
.004(0.10) 


2 
8 
REF 
.043(1.08) 
[' 


.021(0.53) 


_____ 
.009(.231) 


.i-jJ""'(,====='='~~) 
i\,-.E004(.102) 


~REF 
.043(1.08) 
II-:-T 
8 
.021(0.53) ---j r 


AlmEL 
• 


AlmEl 


145, 14-Lead, 
0.150" Wide, Plastic Gull Wing Small 


Outline 
(JEDEC 
SOIC) 
Dimensions 
in Inches and (Millimeters) 


165, 16-Lead, 0.300" Wide, Plastic Gull Wing Small 
Outline (SOIC) 
Dimensions 
in Inches and (Millimeters) 


.020 (.508) ---H- 
.013 (.330) 
II 


~--r158 
4.01 


~~1523.86) 


--j ~ 
.050 (1.27) SSC 


:~~m:=lll _ 
QOu 


:I.60) 
42Ln 


.291(7.39) .393(9.98) 


PIN 110 
0 
_~ 
L 


-~ I-- .050(1.2n 
BSC 
t::J 
.068 (173) 
--~[.~) 
--l 


gtig !'~6~)] 
. 
. 
) 
I~~:}--l 
__ 
l-~ 
.105(2.6n 
m 
m--.L[.092(2.34) 


.012(.305) ] 
.003(.076) 


~ 
REF 
.010 
.249 


~~~.8191) 
Tg~ggiW --JP- 


_--_ 
.013(.330) 
+--jJ,,*(===1 
\\.-----'c 
.009(.229) 


.050(1.2n 
II=-r 


iREF 
.015(.381) ---j r- 


205, 20-Lead, 
0.300" Wide, Plastic Gull Wing Small 


Outline 
(SOIC) 
Dimensions 
in Inches and (Millimeters) 


245, 24-Lead, 
0.300" Wide, Plastic Gull Wing Small 


Outline (SOIC) 
Dimensions 
in Inches and (Millimeters) 


--i~O.020(O.soa) 
II 
0.013 
(O.330) 
~I 


,,,,,p·"I 
•.JllO,7) 


o 
•.•••P."I 
•3831 •.•• ) 
__ I 


-J 
l-05OIW)BSC 


.020(.508)---H- 
.013(.330) 
II 


Qou 


-r 
:I.60) 
.420(10.n 


.291(7.39) 
393(998) 


PIN 110 
0 
_~ 
. _L 


-.j I-- 
.050(1.27)BSC 
r-~~:~)-j 
__ 
l-~ 
.105(2.6n 
ml 
Im--.L[.092(2.34) 


.012(.305) ] 
.003(.076) 


° REF 
, 
,--e==L 
0.013 
(0.330) 
L~Jo.o"I 
.. 
229) 


, 
•.0351··••• )-J0 


0.015(0.381) 


~ __ 
~ 
.013(.330) 
LjJ"'(===*"1 \\.-----.c 
.009(.229) 
T 
.050(1.27) 
II=-r 
~ REF 
.015(.381) ---j r- 


Packages 


288, 28-Lead, 
0.300" Wide, Plastic Gull Wing Small 
Outline 
(SOl C) 


Dimensions 
in Inches and (Millimeters) 


.020(.508) ----H- 
.013(.330) 
II 


QO~ 


:r·60) 


.291(7.39) 


PINllD 
0 
~ 


-J L .000(1.27)BSC 


r 


.420(10.7) 


.393[98) 


~ 


~~ 


.696(17.7) 
5iia-l 


.012(.305) ] 
.003(,076) 


.105(2.67) 
[ 
.092(2.34) 


.0'3(.330) 
1.-jj I 
)\\,-C .009(.229) 


~REF 
.050(1.27) 
II~ 
8 
.015(.381) ---j j- 


882, 8-Lead, 0.210" Wide, Plastic Gull Wing Small 
Outline 
(EIAJ SOIC) 


Dimensions 
in Inches and (Millimeters) 


-11-.020 
(.508) 


II 
.012(.305) 
Mi· 213(5.41) 
PIN 1W ----.L .205 (5.21) 


--.j ~ 
.050 (1.27) 
SSC 


I 
.330 (8.38) 
.300 (7.62) 
I 


.212 (5.38) 


~~ 


.013 (.330) 
] 
.004 (.102) 


.080 (2.03) 
r .070 (1.78) 


o8 REF 
--e=:J... 
.010 (.254) 
1-~----.r 
.007 (.178) 


~35 
(.889) 
III 
.020 (.508) ---j j- 


881, 8-Lead, 0.150" Wide, Plastic Gull Wing Small 
Outline (JEDEC 
SOIC) 
Dimensions 
in Inches and (Millimeters) 


-II- .020 (.508) 


II 
.013 (.330) 


O::r:~~:~ 


--.j ~ 
.050 (1.27) 
SSC 


I 


.244 (6.20) 
.228 (5.79), 


.196 (4.98) 


~-L 


.010 (.254) 
] 
.004 (.102) 


.068 (1.73) 
[ 
.053 (1.35) 


o8 REF.-t:==L 
.010 (.254) 
~ 
----.r .007 (.203) 


1: .050(1.27) 
III 
.016 (.406) ---j j- 


8T, 8-Lead, 
Plastic Thin Shrink Small Outline 
Package (TSSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


a 


P1N'i 


6.50 (.256) 


6.25('246) 


--1 ~ 
0.30 (.012) 
0.19(,008) 


3.10 (.122) 


1.05 (.041) 
2.90 (.114) 
1.20 (.047) MAX 
0,80 (,033) 
~ 
----.£ 
r=~~ 
.65 (.026) sse1 I O.15 (.006l.! 
t 


0.05 (.002) 
t 


4.5(.,77)j 


4.3 (.169) 
_ 
0,20 (.008) 
L.li ( 
I ~009(004) 
T 
0.75 (.030). 
:::-T 


~ REF 
0.45 (.018) 


'Controlling 
dimension: 
millimeters 


AlmEL 


• 


14T, 14-Lead, 
0.170" Wide, Thin Shrink Small 


Outline 
Package 
(TSSOP) 


Dimensions 
in Millimeters 
and (Inches)" 


~REF 
~ 
~ 
g~t~J 
L.d1F*,,_~_~_~_~_~_~ 
_~_~~*)""\6-.1 


~- 
0.75 (.0301-1 C1 
0.45(.018) 


28T, 28-Lead, 
Plastic Thin Small Outline 
Package 


(TSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


INDEX 
"ARK 
AREA 


0.55 (o.o2:t) 
~ 
--j~'27 
(0.011) 
sse 
0.1 e (0.007) 


7.15 (O.281) 
REF 


~~j--f 


0.30 (0.012) 
r-- 


Packages 


AlmEL 


20T, 20-Lead, 
0.170" Wide, Thin Shrink Small 


Outline 
Package (TSSOP) 


Dimensions 
in Millimeters 
and (Inches)' 


6.60 (.260) 


t=6.40 
(.252) 


bHHHHHHHHHft-l 


.650 (.0261 BSC-J 
I-..JL 


0.30 (.012) 
0.19(.007) 


~REF 
_-----~ 
~:~t::J 
Ldf-=:::::::::::::::::)-\6~ 


~ 
0.75(.0301-1 
Cf 


0.45 (.Ole) 


32T, 32-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
Dimensions 
in Millimeters 
and (Inches)" 


JEOEC OUTLINE MO-142 SO 


TT 
li 


0.50(.020)-1-l1-- 
--1--1- 0.25(.010) 
sse 
~7.5~k~95j--l 0.15(.006) 


.Q. REF 
0.20(.008) 
Sf-- 
c;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;30. 
-f 
0.10(.004) 
""" 
I•• 


0.70(.028) 
II 
0.50(.020) -j r- 


'Controlling 
dimension: 
millimeters 


40T, 40-Lead, 
Plastic Thin Small Outline Package 
(TSOP) 
Dimensions 
in Millimeters 
and (Inches)" 


4BT, 48-Lead, 
Plastic Thin Small Outline 
Package 
(TSOP) 
Dimensions 
in Millimeters 
and (Inches)" 


JEDEC OUTLINE MD-142 DO 
n 
~I 


0.50(.020)-J-j 
~ 


ase 
I--- 11.5(.453) 


REF 
t~ 
r'20(04~MAX 
11.80(.465) 
:~ 


0.'5(.~ 
0.00(.000) 


.Q REF 
0.20(.008) 
L ~.EI=========hl-l 0.10(.004) 


\ 
0.70(.028) 
n 
! 
0.50(.020) -j [- 


'Controlling 
dimension: 
millimeters 


Q REF 
0.20(.008) 
L "1========31 -f 
0.10(.004) 


\ 
•• 
0.70(.028) 
n 


0.50(.020) -j [- 


'Controlling 
dimension: 
millimeters 


B6T, 86-Lead, 
Plastic Thin Small Outline Package 
(TSOP Type II) 
Dimensions 
in Millimeters 


2BU, 28-Pin, Ceramic 
Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


DD 


YI 


o 
JJ 


II 
0.30 
--H- 
0.17 


.055(1.40) 
.045(1.14) 
DIA 


.023(.584) 
.013(.330) 
DIA 


I 
22.~2 
MAX 
r1.20MAX 


1.10) 
---L 


0.90:clo.ooooo.ooooOJ( 
--l 


0.501 I 
o.oJT 
BSC 
MIN 
2621 1 
3 
4 


2524 
2S 2 
5 


2322 
6 
7 


2120 
S 
9 


19,5 
'410" 
1817 
151312 


O-S· 
I 
]1:- 
jO.'25TYP 
+- 


JJ ~ 
__ 
. 
---.L 


0.50 
::-T 


AlmEL 
• 


30U, 30-Pin, Ceramic 
Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


.055(1.40) 
.045(1.14) 
DIA 


.023(.584) 
.017(.432) 
DIA 


.123(3.12) 
.103(2.62) 


.0n(1.83) 
.062(1.57) 


2627 
1 3 4 
2524 28 2 5 
2322 29 6 7 
2120 3089 
1916 
141011 


1817 
151312 


68UW, 68-Pin, Ceramic 
Pin Grid Array (PGA) 
Dimensions 
in Inches and (Millimeters) 


INOEX MARK 1.18(30.0) so 
1.14(29.0)00--I 
.055(1.40) 
.045(1.'4) 
OIA 
.020(."") 
.016(.406} 
DIA 


.••• 
REF 


I 
.140(3."') 
r-- .12O{3.05) 


.055(1.40} 
.045(1.14) 


Packages 


AlmEL 


180U, 180-Pin, 
Ceramic 
Pin Grid Array (PGA) 


Dimensions 
in Inches and (Millimeters) 


G 
000(;>000000 
@(i)0@G)0@@@G)00G00 
000000000G00000 
0@@Gl0@00000000 
0000 
0 
000" 
0G00 
Gl000 
0(;)@0 
0000 
0GG)(:H!) 
00000 
0000 
0000 
0000 
0000 
00@00 
0 
0000 
000000000000G00 
0000000000000G0 
0000@0G$0000000 
.00000@0000G0Gl 


32V, 32-Lead, 
Plastic Thin Small Outline Package 
(TSoP) 
Dimensions 
in Millimeters 
and (Inches)' 


~l 


0.50(.020)-1-11-- 
-1--1- 0.25(.010) 


sse 
f--7.5~k~95)...j 
0.15(.006) 


Q+- 


5 
REF 
••I 
I•.-f 


0.70(.028) 
II 


0.50(.020) -j r-- 


'Controlling 
dimension: 
millimeters 


40V, 40-Lead, 
Plastic Thin Small Outline 
Package 


(TSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


JEDEC OUTLINE MO-142 CA 
=~n 


12.5(.492) 
14.2(.559)II 


0.50(.020) Bse -4-1~ ===-:- 
0.25(.010) 


~9.50(.3~ 
0.15(.006) 


L 
10.10(.398) -..I 
.20( 
7) ••• ~ 
I 
9.90(.390) 
1----.1 
1 
.04 
~ 


T 


0.15(.006) J 
t 
0.00(.000) 


0.20(.006) 


I -f 
0.10(.004) 


0.70(.028) -fl-- 
0.50(.020) 


'Controlling 
dimension: 
millimeters 


24X, 24-Lead, 
4.4 mm Wide, Plastic Thin Shrink 


Small Outline 
(TSSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


0.30(0.012)---1 
f-- 


0.18(0.007) 
II 


QD~ 


-:r78) 


4.30(.189) 


PIN11D 0 
-.L 


--l I-- 
0.65(.0258) 
BSC 


r 


8.50(.258) 


81 


248 


) 


~ 


~)~ 
7.70(.303) 
tm(--.-l 


0.15(.008) 
] 


0.as(.002) 


0.18(.007) 
+-)}I 
Ii\.-.-c 
0.09(003) 


0.70(.028) 
II=-r 
~ REF 
0.50(.020) 
-j ~ 


'Controlling 
dimension: 
millimeters 


AlmEL 


20X, 20-Lead, 
4.4 mm Wide, Plastic Thin Shrink 


Small Outline (TSSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


0.3O(0.012)c-lf-- 


0.18(0.007) 
II 


QD~ 


:r.78) 


4.30(.189) 


PIN11D 0 
-.L 


-j ~ 0.85(.0258) 
BSC 


r 


6.50(.258) 
6T 
4 
6) 


j-~)-j 
m~m~ 


0.15(.008) 
] 
0.05(.002) 


0.18(.007) 
+-)}I 
I\\,-'-c 
009(003) 


0.70(.028) 
II=-r 


~ REF 
0.50(.020) 
--j ~ 


'Controlling 
dimension: 
millimeters 


20Y, 20-Lead, 
5.3 mm Wide, Plastic Shrink Small 
Outline (SSOP) 
Dimensions 
in Millimeters 
and (Inches)' 


0.38 (.015)---1f-- 


0.25 (.010) 
II 


QD~ 


:r.212)79[") 


5.20 (.205) 
7.65 (.301) 


PIN11D 
0 
-.L 
L 


-j ~ 0.65 (.0256) 
BSC 


j-~9}-j 
m~m~ 


0.21 (.008) ] 
0.05 (.002) 


2.87 (.105) 
[ 
2.34 (.092) 


0.20 (.008) 
~)} 
I 
I\\,-'-c 
0.09 (004) 
T 
0.95 (.037) 
II=-r 


~ REF 
0.83 (.025) --j ~ 


'Controlling 
dimension: 
millimeters 
• 
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The thermal 
performance 
of the semi- 
conductor 
package 
is a very important 
consideration 
for the board 
designer. 


The reliability 
and functional 
life of the 
device 
is directly 
related to its junction 
operating 
temperature. 
As the tempera- 
ture of the device increases, the stability 
of its junctions 
decline, 
as does its reli- 
able 
life. The thermal 
performance 
is 
also 
important 
to the 
board 
design, 
because it may limit the board density, or 
dictate the board location of high power- 
dissipating devices, or require expensive 
cooling 
methods 
for the 
system. 
As 
devices 
have 
become 
more 
complex 
and boards 
have become 
denser, 
the 
need to account for the thermal charac- 
teristics 
of packages 
has shifted 
from 
being a minor consideration 
to being a 
necessary consideration. 


The thermal 
performance 
of a package 
is measured by its ability to dissipate the 
power required by the device into its sur- 
roundings. 
The electrical 
power drawn 
by the device generates 
heat on the top 
surface 
of the die. This 
heat 
is con- 
ducted through 
the package 
to the sur- 


face 
and 
then 
transferred 
to 
the 
surrounding air by convection. Each heat 
transfer step has a corresponding 
resis- 
tance to the heat flow, which is given the 
value 
8, the thermal 
resistance 
coeffi- 
cient. Subscripts are added to the coeffi- 
cient to specify 
the two points that the 
heat is transferred 
between. Commonly 
used coefficients 
are 8JA (junction 
to 
ambient 
air), 8JC (junction 
to package 
case), and 8CA (case to ambient air). 


An electrical 
analogy 
can be made, as 
shown 
in the figure 
below, to illustrate 
the heat flow of a package. 
The heat 
transfer can be characterized 
mathemat- 
ically by the following equation, 


Tj-Ta=Px8JA 
where, 


P 
= 
Device 
operating 
power 
[watts] 


Tj 
= 
Temperature 
of a junction 
on 
the device tG] 


Ta = 
Temperature 
of 
the 
sur- 
rounding 
ambient 
air [oG] 


(continued) 


AlmEL 


AlmEL 
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Thermal 
Specifications 


• 


AlmEL 


Two conclusions 
can be made after examining 
this anal- 
ogy. First, the lower the value of 9JA, the better the heat dis- 
sipation 
of the 
package. 
Secondly, 
the value 
of 9JA is 


directly dependent 
upon both the conductive 
(9Jcl and con- 
vective 
(9CA) properties 
of the package. 
9JC is a function 
of 


the package 
material, 
the adhesion 
between 
the package 


materials, 
and device size. 9CA is a function 
of the package 


size and configuration, 
package 
mounting 
method, 
and air 


flow across the package. 
Lower 9JA values can be achieved 
Thermal Resistance Coefficients 


by specifying 
ceramic 
packages 
instead 
of plastic 
pack- 


ages, 
choosing 
larger 
packages, 
or improving 
air flow 


across the package. 


The thermal 
resistance 
values of Atmel standard 
packages 


are listed 
on the following 
page. 
The figures 
shown 
are 


maximum 
values for 9, typical values 
are lower dependent 


upon the device type. 


9JA ["CWj 


9Jc["CWj 
Airflow = 0 ftImin 


Ceramic DIP 
24D3IDW3 
9 
65 


24D6/DW6 
10-15 
45 


28D6/DW6 
10-15 
45 


32D6/DW6 
10 
45 


40D6/DW6 
7 
40 


Plastic DIP 
20P3 
19 
61 


24P3 
22 
82 


24P6 
39 
82 


28P6 
36 
77 


32P6 
34 
72 


40P6 
30 
68 


Leadless Chip Carrier 
28ULW 
12 
68 
(LCC) 
32ULW 
10 
65 


44ULW 
8-10 
60 


68ULW 
6-8 
50-60 


Plastic Leaded 
20J 
35 


Chip Carrier 
28J 
16 
60 
(PLCC) 


32J 
16 
60 


44J 
14 
50 


68J 
13 
45 


84J 
13 
32 


J-Leaded 
28K1KW 
16 
72 
Chip Carrier 
32K1KW 
16 
72 
(JLCC) 


44K1KW 
16 
68 


44K1KW 
10-14 
47 


Cerpack 
24C/CW 
15 
81 


Flatpack 
28F 
10 
65 


32F 
8-10 
60 


Packages 


6JA ["CW] 
6Jc["CW] 
Airflow= 0 ft/min 


PGA 
28U 
10 
65 


30U 
10 
65 


Sidebraze 
32S 
8-10 
40-50 


sOle 
20S 
17 
88 


24S 
17 
77 


POFP 
440 
15 
60 


1000 
12 
42 


1600 
8 
37 


TOFP 
44A 
17 
62 


100A 
10 
50 


TSOP 
28T 
66 
141 


32T 
45 
113 


40T 
35 
95 


40(V) 
55 
130 


48T 
30 
82 


TSSOP 
20X 


24X 


28X 


AlmEL 
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Atmel 
provides 
four different 
packing 
methods to provide maximum protection 
for our product and to best suit our cus- 
tomer's 
needs: 
1) Shipping 
Tubes, 
2) Shipping Trays, 3) Unit Packing, and 


4) Tape 
and 
Reel. 
These 
first 
three 
methods are our standard 
pack, but we 
also provide 
tape and reel upon cus- 


tomer request. 


1. Shipping Tubes 


• Material: Clear polyvinyl 
chloride 
• ESD: Topically coated with anti-static 
solution 


Package 
Lead Count 
Package Code 
QuantityfTube 


Cerdip (300 mil) 
16 
D3/DW3 
24 
20 
D3/DW3 
19 
24 
D3/DW3 
15 


Cerdip (600 mil) 
24 
D6/DW6 
16 
28 
D6/DW6 
14 
32 
D6/DW6 
12 
40 
D6/DW6 
10 


42 
DW6 
9 


Flatpack 
28 
F 
15 
32 
F 
15 


LCC 
20 
ULW 
54 
28 
ULW 
42 
32 
ULW 
34 
44 
ULW 
29 


Plastic Dip (300 mil) 
8 
P3 
50 
20 
P3 
19 


24 
P3 
15 


Plastic Dip (600 mil) 
24 
P6 
16 
28 
P6 
14 
32 
P6 
12 
40 
P6 
10 
42 
P6 
10 


PLCC 
20 
J 
48 


28 
J 
38 
32 
J 
32 
44 
J 
27 


AlmEL 


AlmEL 
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Methods and 
Quantities 


• 
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Package 
Lead Count 
Package Code 
QuantityfTube 


SOIC (150 mil) 
8 
S1 
100 


14 
S 
56 


SOIC (210 mil) 
8 
S2 
94 


SOIC (300 mil) 
20 
S 
31 
24 
S 
31 


28 
S 
27 


SOIC (330 mil) 
28 
R 
26 


32 
R 
22 


SOIC (450 mil) 
32 
R 
23 


Sidebraze 
32 
B 
12 


2. Shipping 
Trays 


• Conforms to JEDEC Thin Matrix Tray outlines 
• Bakeable and Conductive 


Package 
Lead Count 
Package Code 
QuantityfTray 


TSOP 
28 
T 
234 


32 
T 
156 


40 
T 
120 


40 
V 
160 


48 
T 
96 


Package 
Lead Count 
Package Code 
Method 
Quantity 


Pin Grid Array 
28 
U 
Box 
20 


30 
U 
Box 
20 


Packages 


4. Tape and Reel 


• Meets or exceeds the requirements of EIA-481-x, Carrier Taping of SMC for Automated Handling 
• Material: Carrier Tape = Black, conductive PVC or polystyrene 
Cover Tape = Clear, anti-static polyester film 
Reel = 13 Inch diameter plastic reel; 7 inch diameter plastic reel used for 500 piece quantities 
• Each reel is individually 
packed into its own box, with a bar code label attached to both the reel and box 


Package 
Lead Count 
Package Code 
Width 
Pitch 
Quantity 


PLCC 
28 
J 
24mm 
16 mm 
750 
32 
J 
24mm 
16mm 
750 
44 
J 
32mm 
24mm 
500 


SOIC(150 mil) 
8 
S1 
12mm 
8mm 
Up to 3000 in 500 
14 
S 
12mm 
8mm 
piece increments 


SOIC (210 mil) 
8 
S2 
16mm 
12 mm 
Up to 2000 in 500 
piece increments 


SOIC (300 mil) 
20 
S 
24mm 
12 mm 
1000 
24 
S 
24mm 
12mm 
1000 
28 
S 
24mm 
12 mm 
1000 


SOIC (330 mil) 
28 
R 
24mm 
16 mm 
1000 


TSOP 
28 
T 
24mm 
12 mm 
2000 
32 
T 
32mm 
16 mm 
1500 
40 
T 
32mm 
16 mm 
1250 


AlmEL 
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• 
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• 
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• 
" 
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• 
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• 


Military 
• 


Die Products 
• 


Package Outlines 
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Part Number 
Speed 
Density 
Description 
Avallabiloty 


Battery- Voltage (2.7V to 3.6V) 


AT45DB011 
13MHz 
1M bit 
2.7-Volt Only Serial Interlace Flash with One 264-Byte SRAM Buffer 
Now 


AT45DB021 
5MHz 
2M bit 
2.7-Vo~ Only Serial-Interlace Flash with Two 264-Byte SRAM Buffers 
Now 


AT45DB041 
5MHz 
4M bit 
2.7-Vo~ Only Serial-Interlace Flash with Two 264-Byte SRAM Buffers 
Now 


AT45DB080 
2 MHz 
8M bit 
2.7-Volt Only Sequential Access Parallel 1/0 Flash with Two 264-Byte SRAM Buffers 
Now 


AT45DB081 
10MHz 
8M bit 
2.7-Vo~ Only Serial-Interlace Flash with Two 264-Byte SRAM Buffers 
Now 


AT45DB161 
13 MHz 
16M bit 
2.7-Vo~ Only Serial-lnterlace 
Flash with Two 528-Byte SRAM Buffers 
Now 


AT45DB321 
13 MHz 
32M bit 
2.7-Vo~ Only Serial Interlace Flash with Two 528-Byte SRAM Buffers 
4098 


Standard 
Voltage (5.0V) 


AT45D011 
15MHz 
1Mbit 
5.0-Vo~ Only Serial Interlace Flash with One 264-Byte SRAM Buffer 
Now 


AT45D021 
10MHz 
2M bit 
5.0-Volt Only Serial-Interlace Flash with Two 264-Byte SRAM Buffers 
Now 


AT45D041 
10MHz 
4M bit 
5.0-Vo~ Only Serial-lnterlace 
Flash with Two 264-Byte SRAM Buffers 
Now 


AT45D081 
10 MHz 
8M bit 
5.0-Vo~ Only Serial-Interlace Flash with Two 264-Byte SRAM Buffers 
Now 


AT45D161 
15 MHz 
16M bit 
5.0-Volt Only Serial-Interlace Flash with Two 528-Byte SRAM Buffers 
Now 


AT45D321 
15MHz 
32M bit 
2.7-Vo~ Only Serial Interlace Flash with Two 528-Byte SRAM Buffers 
4098 


Part Number 
Memory Size 
Description 
Availability 


Standard 
Voltage (5.0V) 


AT17C65 
65,536 x 1 
65K-bit FPGA Configuration EEPROM 
Now 


AT17C65A 
65,536 x 1 
65K-bit FPGA Configuration EEPROM, Altera pinout 
Now 


AT17C128 
131,072 x 1 
128K-M FPGA Configuration EEPROM 
Now 


AT17C256 
262,144 x 1 
256K-b~ FPGA Configuration EEPROM 
Now 


AT17C256A 
262,144 x 1 
256K-bit FPGA Configuration EEPROM, Altera pinout 
Now 


AT17C512 
524,288 x 1 
512K-b~ FPGA Configuration EEPROM 
Now 


AT17C512A 
524,288 x 1 
512K-bit FPGA Configuration EEPROM, Altera pinout 
Now 


AT17C010 
1,048,576 x 1 
1M-bit FPGA Configuration EEPROM 
Now 


AT17C010A 
1,048,576 x 1 
1M-bit FPGA Configuration EEPROM, Altera pinout 
Now 


Low-Voltage 
(3.3V) 


AT17LV65 
65,536 x 1 
65K-bit FPGA Configuration EEPROM, 3.3-Volt 
Now 


AT17LV65A 
65,536 x 1 
65K-bit FPGA Configuration EEPROM, 3.3-Vo~, Altera pinout 
Now 


AT17LV128 
131,072 x 1 
128K-bit FPGA Configuration EEPROM, 3.3-Volt 
Now 


AT17LV256 
262,144 x 1 
256K-bit FPGA Configuration EEPROM, 3.3-Volt 
Now 


AT17LV256A 
262,144 x 1 
256K-bit FPGA Configuration EEPROM, 3.3-Volt, A~era pinout 
Now 


AT17LV512 
524,288 x 1 
512K-bit FPGA Configuration EEPROM, 3.3-Volt 
Now 


AT17LV512A 
524,288 x 1 
512K-bit FPGA Configuration EEPROM, 3.3-Volt, Altera pinout 
Now 


AlmEL 
II 


AlmEL 


Part Number 
Organization 
Speeds 
Descroption 
AvailabIlity 


High-Speed 


AT28HC64B 
8K x 8 
55-120 ns 
64K-bit EEPROM with 64-Byte Page & Software Data Protection 
Now 


AT28HC256 
32K x 8 
70-120 ns 
256K-bit EEPROM with 64-Byte Page & Software Data Protection 
Now 


AT28HC256E 
32K x 8 
70-120 ns 
256K-bit EEPROM with Extended Endurance 
Now 


AT28HC256F 
32K x 8 
70-120 ns 
256K-bit EEPROM with Fast Write 
Now 


Battery- Voltage (2.7V to 3.6V) 


AT28BV16 
2K x8 
200-250 ns 
16K-bit EEPROM, 2.7-Von 
Now 


AT28BV64 
8K x 8 
200-250 ns 
64K-bit EEPROM, 2.7-Volt 
Now 


AT28LV010 
128K x 8 
200-250 ns 
1M-bit EEPROM with 128-Byte Page & Software Data Protection, 
Now 
3.o-Von 


AT28BV64B 
8K x 8 
200-250 ns 
64K-bit EEPROM with 64-Byte Page & Software Data Protection, 2.7-Volt 
Now 


AT28BV256 
32K x 8 
200-250 ns 
256K-bit EEPROM with 64-Byte Page & Software Data Protection, 
Now 
2.7-Volt 


Standard 
Voltage (5.0V) 


AT28C16 
2Kx8 
150 ns 
16K-bit EEPROM 
Now 


AT28C16E 
2K x8 
150 ns 
16K-bit EEPROM with Extended Endurance & Fast Write 
Now 


AT28C17 
2K x8 
150 ns 
16K-bit EEPROM with Ready/Busy 
Now 


AT28C17E 
2Kx8 
150 ns 
16K-bit EEPROM with Ready/Busy & Extended Endurance & Fast Write 
Now 


AT28C64 
8K x8 
120-250 ns 
64K-bit EEPROM 
Now 


AT28C64E 
8K x8 
120-250 ns 
64K-bit EEPROM with Extended Endurance & Fast Write 
Now 


AT28C64X 
8K x8 
120-250 ns 
64K-bit EEPROM withoU1Ready/Busy 
Now 


AT28C64B 
8K x8 
150-250 ns 
64K-bit EEPROM with 64-Byte Page & Software Data Protection 
Now 


AT28C256 
32K x 8 
150-250 ns 
256K-blt EEPROM with 64-Byte Page & Software Data Protection 
Now 


AT28C256E 
32K x 8 
150-250 ns 
256K-bit EEPROM with Extended Endurance 
Now 


AT28C256F 
32K x 8 
150-250 ns 
256K-bit EEPROM with Fast Write 
Now 


AT28C010 
128K x 8 
120-250 ns 
1M-blt EEPROM with 128-Byte Page & Software Data Protection 
Now 


AT28C010E 
128K x 8 
120-250 ns 
1M-bit EEPROM with 128-Byte Page & Extended Endurance & Software 
Now 
Data Protection 


AT28C040 
512K x 8 
200-250 ns 
4M-blt EEPROM with 256-Byte Page & Software Data Protection 
Now 
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Part Number 
Vcc 
Device TAA 
Package Configuration 


AT28BVI6-W 
2.7 - 3.6V 
250 ns 
Die 


AT28BVI6-DWF 
2.7 - 3.6V 
250 ns 
Wafer 


AT28BV64-W 
2.7 - 3.6V 
250 ns 
Die 


AT28BV64-DWF 
2.7 - 3.6V 
250 ns 
Wafer 


AT28BV64B-W 
2.7 - 3.6V 
250 ns 
Die 


AT28BV64B-DWF 
2.7 - 3.6V 
250 ns 
Wafer 


AT28BV256-W 
2.7 - 3.6V 
250 ns 
Die 


AT28BV256-DWF 
2.7 - 3.6V 
250 ns 
Wafer 


AT28LV010-W 
3.0·3.6V 
250 ns 
Die 


AT28LV010-DWF 
3.0 - 3.6V 
250 ns 
Wafer 


AT28CI6·W 
4.5 - 5.5V 
200 ns 
Die 


AT28CI6-DWF 
4.5 - 5.5V 
200 ns 
Wafer 


AT28C64-W 
4.5 - 5.5V 
200 ns 
Die 


AT28C64-DWF 
4.5 - 5.5V 
200 ns 
Wafer 


AT28C64B-W 
4.5 - 5.5V 
200 ns 
Die 


AT28C64B-DWF 
4.5 - 5.5V 
200 ns 
Wafer 


AT28HC64B·W 
4.5 - 5.5V 
120 ns 
Die 


AT28HC64B-DWF 
4.5 - 5.5V 
120 ns 
Wafer 


AT28C256-W 
4.5 - 5.5V 
200 ns 
Die 


AT28C256-DWF 
4.5 - 5.5V 
200 ns 
Wafer 


AT28HC256-W 
4.5 - 5.5V 
120 ns 
Die 


AT28HC256-DWF 
4.5 - 5.5V 
120 ns 
Wafer 


AT28C010-W 
4.5 - 5.5V 
200 ns 
Die 


AT28C010-DWF 
4.5 - 5.5V 
200 ns 
Wafer 
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Part Number 
Organization 
Vcc 
Description 
Availability 


Now 


Now 


Now 


Now • 


Now 


1K-bit, 2-Wire Bus Serial EEPROM, Dual Mode, Plug & 
Play Operation 
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Part Number 
Organozation 
Vcc 
Description 
Availability 


AT34C02 
256 x 8 
1.8,2.7,5.0 
V 
2K-bit, 2-Wire Serial EEPROM with Software Write 
Now 
Protection 


AT24C04 
512 x 8 
1.8,2.5,2.7,5.0 
V 
4K-bit, 2-Wire Bus Serial EEPROM with Full Hardware 
Now 
Write Protection 


AT24C04A 
512 x 8 
1.8,2.5,2.7,5.0 
V 
4K-b~, 2-Wire Bus Serial EEPROM with Full Hardware 
Now 
Write Protection 


AT24C08 
lK x 8 
1.8,2.5,2.7,5.0 
V 
8K-bit, 2-Wire Bus Serial EEPROM 
Now 


AT24C08A 
lK x 8 
1.8,2.5,2.7,5.0 
V 
8K-b~, 2-Wire Bus Serial EEPROM with Full Hardware 
Now 
Write Protection 


AT24C16 
2K x 8 
1.8,2.5,2.7,5.0 
V 
16K-bit, 2-Wire Bus Serial EEPROM with Half Hardware 
Now 
Write Protection 


AT24C164 
2K x 8 
1.8, 2.5, 2.7, 5.0 V 
16K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT24C32 
4K x8 
1.8,2.5,2.7,5.0 
V 
32K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT24C64 
8Kx8 
1.8,2.5,2.7,5.0 
V 
64K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT24C128 
16K x 8 
1.8,2.7,5.0 
V 
128K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT24C256 
32K x 8 
1.8,2.7,5.0 
V 
256K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT24C512 
64K x 8 
1.8,2.7,5.0 
V 
512K-bit, 2-Wire Bus Serial EEPROM with Cascadable 
Now 
Feature 


AT25010 
128x8 
1.8,2.7,5.0 
V 
1K-b~, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25020 
256 x 8 
1.8,2.7,5.0 
V 
2K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25040 
512 x8 
1.8,2.7,5.0 
V 
4K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25080 
lK x 8 
1.8,2.7,5.0 
V 
8K-M, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25160 
2K x 8 
1.8,2.7,5.0 
V 
16K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25320 
4K x 8 
1.8,2.7,5.0 
V 
32K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25640 
8K x 8 
1.8,2.7,5.0 
V 
64K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25128 
16Kx8 
1.8,2.7,5.0 
V 
128K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25256 
32K x 8 
1.8,2.7,5.0 
V 
256K-bit, SPI Bus Serial EEPROM, SPI Mode 0 and 3 
Now 


AT25HP256 
32K x 8 
1.8,2.7,5.0 
V 
256K-bit, SPI Bus Serial EEPROM, High-Speed, 
4098 
Page-Wr~e Only, SPI Mode 0 and 3 


AT25HP512 
64K x 8 
1.8,2.7,5.0 
V 
512K-bit, SPI Bus Serial EEPROM, High-Speed, 
4098 
Page-Write Only, SPI Mode 0 and 3 


AT25Pl024 
1M x8 
1.8,2.7,5.0 
V 
1M-bit, SPI Bus Serial EEPROM, Page-Write Only, SPI 
Now 
Mode 0 and 3 


AT93C46 
64x16/128x8 
1.8,2.5,2.7,5.0 
V 
1K-bit, 3-Wire Bus Serial EEPROM 
Now 


AT93C46A 
64 x 16 
2.5, 2.7, 5.0 V 
1K-b~, 3-Wire Bus Serial EEPROM 
Now 
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Part Number 
Organization 
Vcc 
Description 
AvaIlability 


AT93C46C 
64 x 16 
2.5,2.7,5.0 
V 
1K-bit, 7-Wire Bus Serial EEPROM with Schmitt Trigger 
Now 
Inputs 


AT93C56 
128 x 16 / 256 x 8 
2.5,2.7,5.0 
V 
2K-brt, 3-Wire Bus Serial EEPROM 
Now 


AT93C57 
128x 16/256x8 
2.5,2.7, 5.0 V 
2K-bit, 3-Wire Bus Serial EEPROM with Special Address 
Now 


AT93C66 
256x16/512x8 
2.5,2.7,5.0 
V 
4K-bit, 3-Wire Bus Serial EEPROM 
Now 


AT59C11 
64x16/128x8 
2.5,2.7,5.0 
V 
1K-bit, 4-Wire Bus Serial EEPROM 
Now 


AT59C22 
128 x 16/256 
x 8 
2.5, 2.7, 5.0 V 
2K-bit, 4·Wire Bus Serial EEPROM 
Now 


AT59C13 
256x 16/512x8 
2.5,2.7,5.0 
V 
4K-bit, 4-Wire Bus Serial EEPROM 
Now 
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Part Number 
Organization 
Speeds 
Description 
Availability 


Battery-Voltage'" 
(2.7V to 3.6V) 


AT27BV256 
32K x 8 
70-150 ns 
256K-bit, 2.7-Volt to 3.6-Volt EPROM 
Now 


AT27BV512 
64K x 8 
70-150 ns 
512K-bit, 2.7-Volt to 3.6-Volt EPROM 
Now 


AT27BV010 
128K x 8 
90-150 ns 
1M-bit, 2.7·Volt to 3.6-Volt EPROM 
Now 


AT27BV1024 
64K x 16 
90-150 ns 
1M-bil, 2.7-Volt to 3.6-Volt EPROM 
Now 


AT27BV020 
256K x 8 
90-150 ns 
2M-bit, 2.7-Volt to 3.6-Volt EPROM 
Now 


AT27BV040 
512K x 8 
120-150 ns 
4M-bit, 2.7-Volt 10 3.6-Volt EPROM 
Now 


AT27BV4096 
256K x 16 
120-150 ns 
4M-bit, 2.7-Volt to 3.6-Volt EPROM 
Now 


AT27BV400 
512K x 81 256K x 16 
150 ns 
4M-bit, Byte-Selectable 2.7-Volt to 3.6-Volt EPROM 
Nov 98 


AT27BV800 
1Mx8/512Kx16 
150 ns 
8M-bit, Byte-Selectable 2.7-Volt to 3.6-Volt EPROM 
Nov 98 


Low-Voltage 
(3.0 to 3.6V) 


AT27LV256A 
32K x 8 
55-150 ns 
256K-bit, 3-Volt EPROM 
Now 


AT27LV512A 
64K x 8 
70-150 ns 
512K-bit, 3-Volt EPROM 
Now 


AT27LV520 
64K x 8 
90 ns 
512K-bit, Latched 3-Volt EPROM 
Now 


AT27LV010A 
128K x 8 
70-150 ns 
1M-bil, 3-Volt EPROM 
Now 


AT27LV1026 
2 x 32K x 16 
35-55 ns 
1M-bit, Inte~eaved 3-Volt EPROM 
Now 


AT27LV020A 
256K x 8 
90-150 ns 
2M-bit, 3-Volt EPROM 
Now 


AT27LV040A 
512K x 8 
90-150 ns 
4M-bit, 3-Volt EPROM 
Now 


Standard 
Voltage (5.0V) 
- 


AT27C256R 
32K x 8 
45-150 ns 
256K-bit, 5-Volt EPROM 
Now 


AT27C512R 
64K x 8 
45-150 ns 
512K-bit, 5-Volt EPROM 
Now 


AT27C516 
32K x 16 
45-100 ns 
512K-bit, 5-Volt EPROM 
Now 


AT27C520 
64K x 8 
70,90 ns 
512K-bit, Latched 5-Volt EPROM 
Now 


AT27C010,L 
128K x 8 
45-150 ns 
1M-bit, 5-Volt EPROM Standard & Low-Power 
Now 


AT27C1024 
64K x 16 
45-150 ns 
1M-bit, 5-Volt EPROM 
Now 


AT27C020 
256K x 8 
55-150 ns 
2M-bit, 5·Volt EPROM 
Now 


AT27C2048 
128K x 16 
55-150 ns 
2M-bit, 5-Volt EPROM 
Now 


AT27C040 
512K x 8 
70-150 ns 
4M-bit, 5-Volt EPROM 
Now 


AT27C4096 
256K x 16 
55-150 ns 
4M-bil, 5-Volt EPROM 
Now 


AT27C4oo 
512Kx8/256Kx 
16 
70-150 ns 
4M-bit, Byte-Selectable 5-Volt EPROM 
Nov 98 


AT27C080 
1M x8 
90-150 ns 
8M-bit, 5-Volt EPROM 
Now 


AT27C800 
1Mx8/512Kx16 
100-150 ns 
8M-bit, Byte-Selectable 5-Volt EPROM 
Now 


Part Number 
OrganIZation 
Speeds 
Description 
Availability 


Lithium 
Battery-Voltage 
(2.5V to 3.0V) 


AT49LBV010 
128K x 8 
120-200 ns 
1M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash 
Now 


AT49LBV020 
256K x 8 
120-200 ns 
2M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash 
Now 


AT49LBV040 
512K x 8 
120-200 ns 
4M-bit, 2.5-Volt Read and 2.5-Voll Byte-Write Flash 
Now 


AT49LBV080 
1Mx8 
120-200 ns 
8M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash 
Now 


AT49LBV080T 
1M x8 
120-200 ns 
8M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash (Top Boot) 
Now 


AT49LBV008 
1Mx8 
120-200 ns 
8M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash 
Now 


AT49LBV008T 
1Mx8 
120-200 ns 
8M-bit, 2.5-Volt Read and 2.5-Volt Byte-Write Flash (Top Boot) 
Now 
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Part Number 
Organization 
Speeds 
DescTlption 
Availability 


Battery-Voltage 
(2.7V to 3.6V) 


AT29BV010A 
128K x 8 
200-250 ns 
1M-bit, 2.7-Volt Read and 2.7-Volt Write Sectored Flash 
Now 


AT29BV020 
256K x 8 
250 ns 
2M-bit, 2.7-Vo~ Read and 2.7-Volt Write Sectored Flash 
Now 


AT29BV040A 
512K x 8 
250 ns 
4M-bit, 2.7-Volt Read and 2.7-Volt Write Sectored Flash 
Now 


AT49BV512 
64K x 8 
120-150 ns 
512K-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV010 
128K x 8 
120-150 ns 
1M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Flash 
Now 


AT49HBV010 
128K x 8 
90-150 ns 
1M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash (High-Speed) 
Now 


AT49BVOO1 
128K x 8 
70-120 ns 
1M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
4098 


AT49BV001N 
128K x 8 
70-120 ns 
1M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
4098 


AT49BVOOn 
128K x 8 
70-120 ns 
1M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV020 
256K x 8 
90-150 ns 
2M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV002 
256K x 8 
70-120 ns 
2M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV002N 
256K x 8 
70-120 ns 
2M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV002T 
256K x 8 
70-120 ns 
2M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV2048 
128Kx 
16 
120-150 ns 
2M-bit, 2.7.vo~ Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV2048A 
128K x 16 
150-200 ns 
2M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV040 
512K x 8 
120-150 ns 
4M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV040T 
512K x 8 
- 
150-200 ns 
4M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV004 
512K x 8 
120-200 ns 
4M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash 
4098 


AT49BV004T 
512K x 8 
120-200 ns 
4M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash (Top 
4098 


Boot) 


AT49BV4096 
256K x 16 
120-150 ns 
4M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV4096A 
256K x 16 
120-200 ns 
4M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV4096AT 
256K x 16 
120-200 ns 
4M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV080 
1M x8 
120-150 ns 
8M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV080T 
1M x8 
120-150 ns 
8M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash (Top Boot) 
Now 


AT49BV008 
1M x8 
120-150 ns 
8M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV8192 
512K x 16 
120-150 ns 
8M-bit, 2.7-Vo~ Read and 2.7-Volt Byte-Write Flash 
Now 


AT49BV8192A 
512K x 16 
120-200 ns 
8M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV8192AT 
512Kx 
16 
120-200 ns 
8M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV8192T 
512Kx 
16 
120-150 ns 
8M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Flash (Top Boot) 
Now 


AT49BV1604 
1M x 16 
120-150 ns 
16M-bit, 2.7-Volt Read and 2.7-Vo~ Byte-Write Sectored Flash 
Now 


AT49BVI604T 
1M x 16 
90,120 ns 
16M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49BV1614 
2M x8 
90,120 ns 
16M-bit, 2.7-Volt Read and 2.7-Volt Byte-Write Sectored Flash 
Now 


AT49BV1614T 
2M x8 
90,120 ns 
16M-bit, 2.7-Volt Read and 2.7-Vo~ Byte-Write Sectored Flash (Top 
Now 


Boot) 


Part Number 
Organization 
Speeds 
Description 
Availability 


Low-Voltage 
(3.0V to 3.6V) 


AT29LV256 
32K x 8 
150-250 ns 
256K-bit, 3-Vo~ Read and 3-Vo~ Write Sectored Flash 
Now 


AT29LV512 
64K x 8 
150-250 ns 
512K-bit, 3-Vo~ Read and 3-Volt Write Sectored Flash 
Now 


AT29LV010A 
128K x 8 
150-250 ns 
1M-bit, 3-Volt Read and 3-Vo~ Write Sectored Flash 
Now 


AT29LV1024 
64K x 16 
150-250 ns 
1M-bit, 3-Vo~ Read and 3-Vo~ Write Sectored Flash 
Now 


AT29LV020 
256K x 8 
200-250 ns 
2M-bit, 3-Vo~ Read and 3-Vo~ Write Sectored Flash 
Now 


AT29LV040A 
512K x 8 
200-250 ns 
4M-bit, 3-Volt Read and 3-Vo~ Write Sectored Flash 
Now 


AT49LV512 
64K x 8 
90-120 ns 
512K-bit, 3-Vo~ Read and 2,7-Vo~ Byte-Write Flash 
Now 


AT49LV010 
128K x 8 
120-150 ns 
1M-bit, 3-Volt Read and 3-Vo~ Byte-Write Flash 
Now 


AT49HLV010 
128K x 8 
90 ns 
1M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash (High-Speed) 
Now 


AT49LV001 
128K x 8 
55-120 ns 
1M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Sectored Flash 
4098 


AT49LV001N 
128K x 8 
55-120 ns 
1M-bit, 3-Vo~ Read and 3-Vo~ Byte-Wr~e Sectored Flash 
4098 


AT49LVOOn 
128K x 8 
55-90 ns 
1M-bit, 3-Vo~ Read and 2.7-Vo~ Byte-Write Sectored Flash (Top 
Now 
Boot) 


AT49LV020 
256K x 8 
90-150 ns 
2M-bit, 3-Vo~ Read and 3-Vo~ Byte-Wr~e Flash 
Now 


AT49LV002 
256K x 8 
55-120 ns 
2M-bit, 3-Volt Read and 3-Vo~ Byte-Write Sectored Flash 
Now 


AT49LV002N 
256K x 8 
55-120 ns 
2M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Sectored Flash 
Now 


AT49LV002T 
256K x 8 
55-90 ns 
2M-bit, 3-Vo~ Read and 2.7-Vo~ Byte-Write Sectored Flash (Top 
Now 
Boot) 


AT49LV2048 
128Kx 16 
120-150 ns 
2M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV040 
512K x 8 
90-150 ns 
4M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV040T 
512K x 8 
120-200 ns 
4M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Sectored Flash (Top Boot) 
Now 


AT49LV4096 
256K x 16 
120-150 ns 
4M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV080 
1M x8 
120-150 ns 
8M-bit. 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV080T 
1M x8 
120-150 ns 
8M-bit. 3-Vo~ Read and 3-Vo~ Byte-Write Flash (Top Boot) 
Now 


AT49LV008 
1M x8 
120-150 ns 
8M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV008T 
1M x8 
110,120ns 
8M-bit, 3-vo~ Read and 3-Vo~ Byte-Write Sectored Flash (Top Boot) 
Now 


AT49LV8192 
512Kx16 
120-150 ns 
8M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash 
Now 


AT49LV8192T 
512K x 16 
120-150 ns 
8M-bit, 3-Vo~ Read and 3-Vo~ Byte-Write Flash (Top Boot) 
Now 


Standard 
Voltage (5.0V) 


AT29C256 
32K x 8 
70-150 ns 
256K-bit, 5-Vo~ Read and 5-Vo~ Write Sectored Flash 
Now 


AT29C257 
32K x 8 
70-150 ns 
256K-bit, 5-Volt Read and 5-Vo~ Write Sectored Flash 
Now 


AT29C512 
64K x 8 
70-150 ns 
512K-bit, 5-Vo~ Read and 5-Vo~ Write Sectored Flash 
Now 


AT29C010A 
128K x 8 
70-150 ns 
1M-bit, 5-Volt Read and 5-Vo~ Write Sectored Flash 
Now 


AT29C1 024 
64Kx 
16 
70-150 ns 
1M-bit, 5-Volt Read and 5-Vo~ Wr~e Sectored Flash 
Now 


AT29C020 
256K x 8 
90-150 ns 
2M-bit, 5-Volt Read and 5-Vo~ Wr~e Sectored Flash 
Now 


AT29C040A 
512K x 8 
100-200 ns 
4M-bit, 5-Volt Read and 5-Vo~ Write Sectored Flash 
Now 


AT49F512 
64K x 8 
55-90 ns 
512K-bit, 5-Vo~ Read and 5-Vo~ Byte-Write Flash 
Now 


AT49F010 
128K x 8 
70-120 ns 
1M-bit, 5-Vo~ Read and 5-Vo~ Byte-Write Flash 
Now 


AT49HF010 
128K x 8 
45-55 ns 
1M-bit, 5-Vo~ Read and 5-Vo~ Byte-Wr~e Flash (High-Speed) 
Now 


AT49F001 
128K x 8 
55-120 ns 
1M-bit, 5-vo~ Read and 5-Vo~ Byte-Write Sectored Flash 
4098 


AT49FOO1N 
128K x 8 
55-120 ns 
1M-bit, 5-vo~ Read and 5-Vo~ Byte-Write Sectored Flash 
4098 


AT49FOOn 
128K x 8 
55-90 ns 
1M-bit, 5-Volt Read and 5-Vo~ Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F1024 
64K x 16 
55-90 ns 
1M-bit, 5-Volt Read and 5-Vo~ Byte-Wr~e Flash 
Now 


AT49F1025 
64K x 16 
55-90 ns 
1M-bit, 5-Volt Read and 5-Vo~ Byte-Write Flash 
Now 
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AT49F020 
2S6K x 8 
55-120 ns 
2M-bit, S-Volt Read and S-Volt Byte-Write Flash 
Now 


AT49F002 
2S6K x 8 
50-120 ns 
2M-bit, S-Volt Read and S-Volt Byte·Write Sectored Flash 
Now 


AT49F002N 
2S6K x 8 
50-120 ns 
2M-bit, S-Volt Read and S·Volt Byte-Write Sectored Flash 
Now 


AT49F002T 
2S6K x 8 
50·70 ns 
2M-bit, S-Volt Read and S-Vo~ Byte-Write Sectored Flash 
Now 


AT49F2048 
128Kx 
16 
70·120 ns 
2M-bit, S-Volt Read and S-Volt Byte-Write Flash 
Now 


AT49F2048A 
128Kx 
16 
70-120 ns 
2M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F040 
S12K x 8 
70-150 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Flash 
Now 


AT49F040T 
S12K x 8 
90-150 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F004 
S12K x 8 
70·120 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
4098 


AT49F004T 
S12K x 8 
70-120 ns 
4M-bit, S-volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
4098 


AT49F4096 
2S6K x 16 
90-120 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Flash 
Now 


AT49F4096A 
2S6K x 16 
70-120 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F4096AT 
2S6K x 16 
70-120 ns 
4M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F080 
1M x8 
90-150 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Flash 
Now 


AT49F080T 
1M x8 
90-150 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Flash (Top Boot) 
Now 


AT49F008 
1M x8 
90,120,150 ns 
8M-bit, S-Volt Read and S·Volt Byte-Write Sectored Flash 
Now 


AT49F008T 
1M x8 
90,120,150 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F8192 
S12K x 16 
90,120 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F8192A 
S12K x 16 
70-120 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F8192AT 
S12Kx16 
70-120 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F8192T 
S12K x 16 
90,120 ns 
8M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top Boot) 
Now 


AT49F1604 
1M x 16 
70,90 ns 
16M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F1604T 
1Mx 16 
70,90 ns 
16M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


AT49F1614 
2M x8 
70,90 ns 
16M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash 
Now 


AT49F1614T 
2M x8 
70,90 ns 
16M-bit, S-Volt Read and S-Volt Byte-Write Sectored Flash (Top 
Now 


Boot) 


ATSFC001 


ATSFC002 


ATSFC004 


ATSFC008 


1M byte 


2M byte 


4M byte 


8M byte 


S-Volt 


S-Volt 


S-Volt 


S-Volt 


PCMCIA Compatible Flash Memory Card 


PCMCIA Compatible Flash Memory Card 


PCMCIA Compatible Flash Memory Card 


PCMCIA Compatible Flash Memory Card 


0.18-Micron CMOS Gate Array/Embedded Array, 1.8-Volt Operation, 
30 Versions with Various Pin & Gate Counts, Memory, Megacells 


0.2S-Micron CMOS Gate Array/Embedded Array, 1.0 to 2.S-Volt 
Operation, 23 Versions with Various Pin & Gate Counts, Memory, 
Megacells 


0.2S-Micron CMOS Embedded Array Combining Logic and EE 
Memory, 2.S-Volt Operation, Various Gate Counts, Megacells and 
Memory Configuration. Up to 4M-bit EE Memory 


0.2S-Micron CMOS Embedded Array Combining CMOS Logic and 
Flash Memory, 2.S-Volt Operation. Various Gate Counts, Megacells 
and Memory Configuration. Up to 64M-bit Flash Memory 


ATL35 Series 
Up to 3.7M 
Up to 976 
0.35-Micron CMOS Gate Array/Embedded Array, 1.0-Volt to 3.3-Volt 
Now 
Operation, 23 Versions with Various Pin & Gate Counts, Memory, 
Megacells 


ATL351EE 
Upto 3.7M 
Up to 976 
0.35-Micron Embedded Array combining CMOS Logic and EE Mem- 
1H99 
Series 
ory, 2.5-Volt Operation, Various Gate Counts, Megacells, and Mem- 
ory Configurations. Up to 1M-bit EE Memory 


ATL351Flash 
Up to 3.7M 
Up to 976 
0.35-Micron Embedded Array Combining CMOS Logic and Flash 
1099 
Series 
Memory, 2.0 and 3.3-Volt Operation, Various Gate Counts, Mega- 
cells and Memory Configurations. Up to 32M-bit Flash Memory 


ATL50 Series 
Up to 590K 
Up to 480 
0.5-Micron CMOS Gate Array/Embedded Array, 2.0-Volt & 3.3-Volt 
Now 
Vollage Operation, 16 Versions with Various Pin & Gate Counts, 
Memory, Megacells 


ATL50/EE 
Up to 109M 
Up to 684 
0.5-Micron Embedded Array Combining CMOS Logic with EE and 
Now 
Series 
Flash Memory, 2.0 and 3.3-Voll Operation, Various Gate Counts, 
Megacells and Memory Configurations. Up to 1M-bit Flash Memory 
and 64K-bit EE Memory 


ATLS60 Series 
Up to 88K 
Up to 256 
0.6-Micron CMOS Gate Array/Embedded Array, 3.3-Volt & 5.D-Voll 
Now 
Operation, Staggered Row Bond Pads, 8 Versions with Various Pin 
& Gate Counts, Memory, Megacells 


ATL60 Series 
Up to 590K 
Up to 480 
0.6-Micron CMOS Gate Array/Embedded Array, 3.3-Volt & 5.0-Volt 
Now 
Operation, 16 Versions wllh Various Pin & Gate Counts, Memory, 
Megacells 


Megacells 
ARM7TDMI 
N 
, 
AVR· (8-bit RISC), OakDSPCore'·, 
LodeDSPCore~ 
Now 
Ethernet MAC, USB Cores, PCI Cores, plus others 


Memory 
Flash, EEPROM, SRAM, ROM, Dual Port SRAM, FIFO and CAM 
Now 


I/O Interfaces 
CMOS, TIL, 
LVDS, PCI, USB, SCSI, LVD SCSI, PLL 
Now 


Cell-Based 
ICs 


ATC50 


ATC50/EE 


ATC35 


ATC351EE 


ATC351Flash 


ATC25 


ATC25/EE 


ATC251Flash 


ATC18 


0.5-Micron 3-Layer Metal CMOS, 3.3V Operation, Digital, Analog, Memory, Macrocells 


0.5-Micron 3-Layer Metal CMOS with Embedded EEPROM, 3.3-Voll Operation 


0.35-Micron 3/5-Layer Metal CMOS 3.3-Volt Operation, Digital, Analog, Memory, Megacells 


0.35-Micron 3/5-Layer Metal CMOS with Embedded EEPROM, 3.3-Voll Operation 


0.35-Micron 3/5-Layer Metal CMOS with embedded Flash, 3.3-Voll Operation 


0.25-Micron 315-Layer Metal CMOS, 2.5-Voll Operation, Digllal, Analog, Memory, Macrocells 


0.25-Micron 3/5-Layer Metal CMOS with Embedded EEPROM, 2.5-Voll Operation 


0.25-Micron 315-Layer Metal CMOS with Embedded Flash, 2.5-Volt Operation 


0.18-Micron 3/5-Layer Metal CMOS, 1.8-Voll Operation, Digital, Analog, Memory, Macrocells 


ARMlThumb 
N 


, 
AVR·, OakDSPCore~, 
Ethernet MAC, AT8051, AT8237, AT8251, AT8254, AT8255, AT8259, 


AT82530, AT14818,AT16450, RAM, Dual-port RAM, ROM, Flash, EEPROM, PCI, SPI, USB, Codec, AID, 
D/A, OpAmp, Comp., Osc., etc. 


Now 


Now 


Now 


1H99 


1H99 


1H99 


1H2000 


1H2000 


2H99 
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Part Number 
Packages 
Speeds 
Description 
AvaIlabIlity 


5-Volt Electrically 
Erasable 


ATF16V8B 
20-pin 
10-25 ns 
8 FFs, 8 I/O Pins, Standard-Power 
Now 


ATF16V8BQ/BQL 
20-pin 
10-25 ns 
8 FFs, 8 I/O Pins, Quarter-Power, Low-Power 
Now 


ATF16V8C 
20-pin 
5-7.5 ns 
8 FFs, 8 I/O Pins, Standard-Power 
Now 


ATF16V8CZ 
20-pin 
12-15 ns 
8 FFs, 8 I/O Pins, Zero-Power 
Now 


ATF20V8B 
24,28-pin 
7.5-25 ns 
8 FFs, 8 I/O Pins, Standard-Power 
Now 


ATF20V8BQ/BQL 
24,28-pin 
10-25 ns 
8 FFs, 8 I/O Pins, Quarter-Power, Low-Power 
Now 


ATF20V8C 
24,28-pin 
5-7 ns 
8 FFs, 8 I/O Pins, Standard-Power 
1H99 


ATF20V8CZ 
24,28-pin 
12-15 ns 
8 FFs, 8 I/O Pins, Zero-Power 
1H99 


ATF22V10B 
24,28-pin 
15-25 ns 
10 FFs, 10 I/O Pins, Standard-Power 
Now 


ATF22V10BQ/BQL 
24,28-pin 
15-25 ns 
10 FFs, 10 I/O Pins, Quarter-Power, Low-Power 
Now 


ATF22V10C 
24,28-pin 
5-10 ns 
10 FFs, 10 I/O Pins, Standard-Power 
Now 


ATF22V10CZ 
24,28-pin 
12-15 ns 
10 FFs, 10 I/O Pins, Zero-Power 
Now 


ATF750C/CL 
24,28-pin 
7.5-25 ns 
20 FFs, 10 I/O Pins, Standard & Low-Power 
4Q98 


ATF2500C/CL 
40, 44-pin 
20-25 ns 
48 FFs, 24 I/O Pins, Standard & Low-Power 
3Q99 


ATFV2500CQ/CQL 
40, 44-pin 
20-25 ns 
48 FFs, 24 )/0 Pins, Quarter-Power, Low-Power 
3Q99 


ATF1500/L 
44-pin 
7.5-25 ns 
32 Macrocell, Standard & Low-Power 
Now 


ATF1500AlAL 
44-pin 
7.5-25 ns 
32 Macrocell, Standard & Low-Power 
Now 


ATF1502AS/L 
M-pin 
7.5-25 ns 
32 Macrocell w/ISP, Standard & Low-Power 
1Q99 


ATF1504ASIL 
44, 68,84, 
100-pin 
7.5-25 ns 
64 Macrocell w/ISP, Standard & Low-Power 
Now 


ATF1508AS/L 
68,84, 
100, 160- 
7.5-25 ns 
128 Macrocell w/ISP, Standard & Low-Power 
Now 


pin 


ATF1516AS/L 
160, 192,208-pin 
10-25 ns 
256 Macrocell w/ISP, Standard & Low-Power 
2Q99 


Low-Voltage 
(3.0V) Electrically 
Erasable 


ATF16LV8C 
20-pin 
10-15 ns 
8 FFs, 8 I/O Pins, Low-Voltage 
Now 


ATF16LV8CZ 
20-pin 
15-25 ns 
8 FFs, 8 I/O Pins, Low-Voltage, Zero-Power 
TBA 


AT22LV10/L 
24,28-pin 
20-30 ns 
10 FFs, 10 I/O Pins, Low-Voltage & Low-Power (EPROM-based) 
Now 


ATF750LVCILVCL 
24,28-pin 
10-25 ns 
20 FFs, 10 I/O Pins, Low-Voltage & Low-Power 
4Q98 


ATF1500ABV 
M-pin 
12-15 ns 
32 FFs, 32 I/O Pins, Low-Voltage 
Now 


ATF1500ABVL 
44-pin 
25 ns 
32 FFs, 32 I/O Pins, Low-Voltage & Low-Power 
TBA 


ATF22LV10C 
24,28-pin 
10-15 ns 
10 FFs, 10 I/O Pins, Low-Voltage 
Now 


ATF22LV10CZ 
24,28-pin 
15-25 ns 
10 FFs, 10 I/O Pins, Low-Voltage, Zero-Power 
Now 


5-Volt EPROM-Based 


ATV750/L 
24,28-pin 
20-25 ns 
20 FFs, 10 I/O Pins, Standard & Low-Power 
Now 


ATV750BlBL 
24,28-pin 
7.5-25 ns 
20 FFs, 10 I/O Pins, Standard & Low-Power 
Now 


ATV2500H/L 
40, 44-pin 
25-35 ns 
48 FFs, 24 I/O Pins, Standard & Low-Power 
Now 


ATV2500B/BL 
M-pin 
12-20 ns 
48 FFs, 24 I/O Pins, Standard & Low-Power 
Now 


ATV2500BQ/BQL 
40, 44-pin 
20-25 ns 
48 FFs, 24 I/O Pins, Quarter-Power, Low-Power 
Now 


Part Number 
Description 
Availability 


ATDSll00PC 


ATDSl120PC 


ATDSl130PC 


ATDSl150PC 


ATDSl160PC 


ATDSl161PC 


ATDSl162PC 


ATDSl163PC 


ATDSl164PC 


ATDSl165PC 


ATDSl166PC 


Atmel - Synario Entry (Includes ABEL, Schematic Entry, Simulation) 


Atmel - Synario Verilog Simulation 


Atmel - Synario VHDL Synthesis 


Atmel - ISP Kit 


Atmel - ISP Programming Board 


Atmel - 44-pin PLCC Adaptor Board 


Atmel - 44-pin TOFP Adaptor Board 


Atmel - 68-pin PLCC Adaptor Board 


Atmel - 1DO-pin POFP Adaptor Board 


Atmel - 1DO-pinTOFP Adaptor Board 


Atmel - 160-pin POFP Adaptor Board 


Part Number 
Registers 
Usable Gates 
Frequency 
Description 
Availability 


Standard 
Voltage (S.QV) 


AT6002 
1,024 
6K 
350 MHz 
96 1/0 Pins, 5-Volt, Very Low Power 
Now 


AT6003 
1,600 
9K 
350 MHz 
120 1/0 Pins, 5-Volt, Very Low Power 
Now 


AT6005 
3,136 
15K 
350 MHz 
140 VO Pins, 5-Vo~, Very Low Power 
Now 


AT6010 
6,400 
30K 
350 MHz 
204 1/0 Pins, 5-Vo~, Very Low Power 
Now 


Low-Voltage 
(3.3V) 


AT6002LV 
1,024 
6K 
250 MHz 
96 VO Pins, 3.3-Volt, Very Low Power 
Now 


AT6003LV 
1,600 
9K 
250 MHz 
120110 Pins, 3.3-Volt, Very Low Power 
Now 


AT6005LV 
3,136 
15K 
250 MHz 
140 VO Pins, 3.3-Volt, Very Low Power 
Now 


AT6010LV 
6,400 
30K 
250 MHz 
204 1/0 Pins, 3.3-Volt, Very Low Power 
Now 


Part Number 
Registers 
Usable 
Frequency 
RAM 
Description 
Availability 
Gates 


Standard 
Voltage (S.QV) 


AT40K05 
256 
5K-l0K 
250 MHz 
2,048 
128 1/0 Pins, 5-Vo~, Very Low Power 
Now 


AT40Kl0 
576 
10K-20K 
250 MHz 
4,096 
192 1/0 Pins, 5-Volt, Very Low Power 
Now 


AT40K20 
1,024 
20K-30K 
250 MHz 
8,192 
256 1/0 Pins, 5-Vo~, Very Low Power 
Now 


AT40K30 
1,600 
30K-40K 
250 MHz 
12,800 
320 1/0 Pins, 5-Volt, Very Low Power 
4098 


AT40K40 
2,304 
40K-50K 
250 MHz 
18,432 
384 1/0 Pins, 5-Vo~, Very Low Power 
Now 


Low-Voltage 
(3.3V) 


AT40K05LV 
256 
5K-l0K 
250 MHz 
2,048 
128110 Pins, 3.3-Volt, Very Low Power 
Now 


AT40Kl0LV 
576 
10K-20K 
250 MHz 
4,096 
192 1/0 Pins, 3.3-Volt, Very Low Power 
Now 


AT40K20LV 
1,024 
20K-30K 
250 MHz 
8,192 
256 1/0 Pins, 3.3-Volt, Very Low Power 
Now 


AT40K30LV 
1,600 
30K-40K 
250 MHz 
12,800 
320 1/0 Pins, 3.3-Volt, Very Low Power 
4098 


AT40K40LV 
2,304 
40K-50K 
250 MHz 
18,432 
384 1/0 Pins, 3.3-Volt, Very Low Power 
Now 
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FPGA Design Development 
Software 
FPGA design tools are available across a broad range of CAE tool vendors and PC and workstation platforms. Design methods supported include: 
schematic capture, logic synthesis (VHDL and Verilog), PLD entry, (ABEL and CUPL), and automatic component generation of hard macros for user- 
parametrized structured logic (arithmetic elements, counters, registers, encoders, decoders, and other common functions). Refer to current Configurable 
Logic Data Book. 


CAE Tool Support: 


Cadence, Everest, Exemplar, Mentor, OrCAD, Synopsys, Synario, Veribest, Verilog, ViewLogic. 


Platform Support: 


PC (Windows 3.1, 95, NT), SUN Workstations, HP Workstations. 


AT89 Series (8-bit Microcontrollers) 


Part Number 
Memory Size 
Description 
Availability 


AT80F51 
4K x 8 


AT80F52 
8K x 8 


AT87F51 
4K x 8 


AT87F52 
8Kx8 


AT89C51 
4K x 8 


AT89LV51 
4K x8 


AT89C52 
8K x 8 


AT89LV52 
8Kx 8 


AT89C1051U 
1Kx8 


AT89C2051 
2Kx 8 


AT89C4051 
4K x8 


AT89S8252 
8K x 8 


AT89LS8252 
8K x8 


AT89S53 
12Kx 8 


AT89LS53 
12K x8 


AT89C55 
20K x 8 


AT89LV55 
20K x 8 


80C31 Microcontroller with 4K ROM replacement 
Now 


80C32 Microcontroller with 8K ROM replacement 
Now 


80C31 Microcontroller with 4K OTP OuickFlash 
Now 


80C32 Microcontroller with 8K OTP OuickFlash 
Now 


80C31 Microcontroller with 4K bytes Flash 
Now 


2.7-Volt, 80C31 Microcontroller with 4K bytes Flash 
Now 


80C32 Microcontroller with 8K bytes Flash 
Now 


2.7-Volt, 80C32 Microcontroller with 8K bytes Flash 
Now 


80C31 Microcontroller with 1K bytes Flash, 20-Pin Package 
Now 


80C31 Microcontroller with 2K bytes Flash, 20-Pin Package 
Now 


80C31 Microcontroller with 4K bytes Flash, 20-Pin Package 
Now 


In-System Programmable Microcontroller with 8K bytes Flash and 2K bytes EEPROM 
Now 


Low-Voltage, In-System Programmable Microcontroller with 8K bytes Flash and 2K bytes 
Now 


EEPROM 


In-System Programmable Microcontroller with 12K bytes Flash 
Now 


Low-Voltage, In-System Programmable Microcontroller with 12K bytes Flash 
Now 


80C32 Microcontroller with 20K bytes Flash 
Now 


2.7-Volt, 80C32 Microcontroller with 20K bytes Flash 
Now 


General Purpose, 16132-bitRISC Microcontroller with 1K bytes RAM, 1OO-IeadTOFP 
package 


General Purpose, 16132-bitRISC Microcontroller with 4K bytes RAM, 100-lead TOFP 
package 


General Purpose, 16/32-bit RISC Microcontroller with 4K bytes RAM and up to 2M-bit 
ROM, 1OO-IeadTOFP package 


AT91SDT 
ARM Software Development ToolKit 
Now 


AT91DB01 
AT91 Development Board 
Now 


AT91EICE 
ARM Embedded ICE Box 
Now 


AT91EB01 
AT91 Evaluation Board 
4098 


AT90S1200 
AVR 
AVR RISC, In-System Programmable Microcontroller with 1K byte FLASH and 64 bytes 
Now 
EEPROM; 20-pin PDIP, 20-pin SOIC and 20-pin SSOP packages 


AT90S2313 
AVR 
AVR RISC, In-System Programmable Microcontroller with 2K bytes FLASH, 128 bytes 
Now 
SRAM, 128 bytes EEPROM and UART; 20-pin PDIP and 20-pin SOIC packages 


AT90S2323 
AVR 
AVR RISC, In-System Programmable Microcontroller with 2K bytes FLASH, 128 bytes 
Now 
SRAM and 128 bytes EEPROM; 8-pin PDIP and 8-pin SOIC packages 


AT90LS2323 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontroller with 2K bytes 
Now 
FLASH, 128 bytes SRAM and 128 bytes EEPROM; 8-pin PDIP and 8-pin SOIC pack- 
ages 


AT90S2343 
AVR 
AVR RISC, In-System Programmable Microcontroller with 2K bytes FLASH, 128 bytes 
Now 
SRAM and 128 bytes EEPROM; 8-pin PDIP and 8-pin SOIC packages 


AT90LS2343 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontroller with 2K bytes 
Now 
FLASH, 128 bytes SRAM and 128 bytes EEPROM; 8-pin PDIP and 8-pin SOIC pack- 
ages 


AT90S2333 
AVR 
AVR RISC, In-System Programmable Microcontroller with 2K bytes FLASH, 128 bytes 
4098 
SRAM, 128 bytes EEPROM, UART, 6 Channel 10-Bit ADC; 28-pin PDIP, 28-pin SOIC, 
32-pin TOFP packages 


AT90LS2333 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontroller with 2K bytes 
4098 
FLASH, 128 bytes SRAM, 128 bytes EEPROM, UART, 6 Channel1D-Bit 
ADC; 28-pin 
PDIP, 28-pin SOIC, 32-pin TOFP packages 


AT90S4414 
AVR 
AVR RISC, In-System Programmable Microcontroller with 4K bytes FLASH, 256 bytes 
Now 
SRAM, 256 bytes EEPROM, UART; 40-pin PDIP, 44-pin PLCC and 44-pin TOFP pack- 
ages 


AT90S4433 
AVR 
AVR RISC, In-System Programmable Microcontroller with 4K bytes FLASH, 128 bytes 
4098 
SRAM, 256 bytes EEPROM, UART, 6 Channel10-Bit 
ADC; 28-pin PDIP, 28-pin SOIC 
packages. 32-pin TOFP packages 


AT90LS4433 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontroller with 4K bytes 
4098 
FLASH, 128 bytes SRAM, 256 bytes EEPROM, UART, 6 Channel 10-Bit ADC; 28-pin 
PDIP, 28-pin SOIC, 32-pin TOFP packages 


AT90S4434 
AVR 
AVR RISC, In-System Programmable Microcontroller with 4K bytes FLASH, 256 bytes 
4098 
SRAM, 256 bytes EEPROM, UART, 8 Channel10-Bit 
ADC; 40-pin PDIP, 44-pin PLCC 
and 44-pin TOFP packages 


AT90LS4434 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontroller with 4K bytes 
4098 
FLASH, 256 bytes SRAM, 256 bytes EEPROM, UART, 8 Channel10-Bit 
ADC; 40-pin 
PDIP, 44-pin PLCC, 44-pin TOFP packages 


AT90S8515 
AVR 
AVR RISC, In-System Programmable Microcontrollerwith 
8K bytes FLASH, 512 bytes 
Now 
SRAM, 512 bytes EEPROM, UART; 40-pin PDIP, 44-pin PLCC, 44-pin TOFP packages 


AT90S8535 
AVR 
AVR RISC, In-System Programmable Microcontroller with 8K bytes FLASH, 512 bytes 
Now 
SRAM, 512 bytes EEPROM, UART, 8 Channel 10-Bit ADC; 40-pin PDIP, 44-pin PLCC, 
44-pin TOFP packages 


AT90LS8535 
AVR 
Low-Voltage, AVR RISC, In-System Programmable Microcontrollerwith 
8K bytes FLASH 
Now 
512 bytes SRAM, 512 bytes EEPROM, UART, 8 Channel10-Bit 
ADC; 40-pin PDIP, 44- 
pin PLCC, 44-pin TOFP packages 


AlmEL 
•• 


AlmEL 


AVR RISC, In-System Programmable Microcontroller with 64K bytes FLASH, 4K bytes 
SRAM, K bytes EEPROM, UART, RTC, 8 Channel, 10-Bit ADC; 64-pin TOFP package 


Low-voltage, AVR RISC, In-System Programmable Microcontroller with 64K bytes 
FLASH, 4K bytes SRAM, 2K bytes EEPROM, UART, RTC, 8 Channel, 10-Bit ADC; 64- 
pin TOFP package 


AVR RISC, In-System Programmable Microcontroller with 64K bytes FLASH, 4K bytes 
SRAM, 2K bytes EEPROM, UART, RTC, 8 Channel, 10-Bit ADC; 64-pin TOFP package 


Low-voltage, AVR RISC, In-System Programmable Microcontroller with 64K bytes 
FLASH, 4K bytes SRAM, 2K bytes EEPROM, UART, RTC, 8 Channel, 10-Bit ADC; 64- 
pin TOFP package 


ATMCU00100 


ATSTK200 


ATSTK300 


AT90lCEPRO 


ATmegalCE 


ATasiclCE 


AT90STDPOD 


AT90ADCPOD 


ATmegaPOD 


AT89S/AT90S FLASH MCU Starter Kit 


Enhanced AT89S/AT90S Flash MCU Starter Kit 


megaAVR Starter kit with Application Builder Software 


In-Circu~ Emulation System for AVR AT90S Microcontrollers 


In-Circuit Emulation System for megaAVR Microcontrollers 


In-Circuit Emulation System for Embedded AVR Core Development 


AT90lCEPRO Standard Pod Replacement Kit 


AT90lCEPRO Analog Replacement Kit 


ATmegalCE Pod Replacement Kit 


AT88SC101 
1024 x 1 


AT88SC102 
1024 x 1 


AT88SC1003 
1024 x 1 


AT88SC153 
192 x 8 


AT88SC1601 
15,872 x 1 


AT88SC1604 
15,968 x 1 


AT88SC1608 
2048 x 8 


1K-bit Serial EEPROM with Secur~y, 1 Memory Zone, 1024 Bits 
Now 


1K-bit Serial EEPROM with Security, 2 Memory Zones, 512 Bits Each 
Now 


1K-bit Serial EEPROM with Secur~y, 3 Memory Zones, 256 + 256 + 512 B~s 
1099 


1.5K-bit Serial EEPROM with Security and Authentication, 3 Memory Zones, 
1099 


512 Bits Each 


16K-bit Serial EEPROM with Security, 1 Memory Zone, 15,872 Bits 
Now 


16K-bit Serial EEPROM with Security, 3 Memory Zones, 4096 Bits Each, and 1 Memory 
Now 


Zone, 3680 Bits 


16K-bit Serial EEPROM with Security and Authentication, 8 Memory Zones, 2048 Bits 
Now 


Each, and 1 Configuration Zone, 1024 Bits 


Part Number 
Flash 
EEPROM 
RAM Bytes 
T = 0 Hardware 
Power Supply 
Availability 


AT89SC168 
16K Bytes 
8K Bytes 
256 Bytes 
Yes 
5.0V 
Now 


AT89SC168A 
16K Bytes 
8K Bytes 
512 Bytes 
No 
2.7 - 5.5V 
Now 


AT89SC1616A 
16K Bytes 
16K Bytes 
512 Bytes 
No 
2.7 - 5.5V 
Now 


AT89SC248A 
24K Bytes 
8K Bytes 
512 Bytes 
No 
2.7 - 5.5V 
Now 


Part Number 
Program 
User Memory 
RAM Bytes 
Power 
Crypto 
RF Interface 
Availability 
Memory 
Flash/EEPROM 
Supply 
Engine 


AT90SC1616C 
16K Flash 
16K Bytes 
1K Bytes 
2.7 - 5.5V 
Yes 
No 
4098 


AT90SC3232C 
32K Flash 
32K Bytes 
1K Bytes 
2.7 - 5.5V 
Yes 
No 
4098 


AT90SC3232CR 
32K ROM 
32K Bytes 
1K Bytes 
2.7 - 5.5V 
Yes 
No 
4098 


AT90SC3232CRF 
32K ROM 
32K Bytes 
1K Bytes 
2.7 - 5.5V 
Yes 
Yes 
4098 


EEPROM 
Part Number 
Memory 
Features 
Availability 


AT88RF256 


AT88RF8714 


AT24RR08 


256 x 1 


2K x 8 


1K x 8 


ReadlWrite RFID Transponder with Passwords and Data Locking 


Contactless Card IC with AVR Microprocessor, 8K Bytes ROM, 256 Bytes SRAM 


Dual Access EEPROM; RFID and Serial 


4098 


4098 


Now 


Part Number 
Description 
Package 
Availability 


Hard Disk Drive 


AT78C1000 
Hard Disk Drive Manager (HDDM/Servo System) 
128-lead TOFP 
Now 


AT78C1001 
HDDM Core 
N/A 
N/A 


(Core) 


AT78C1002 
HDDM II (HDDM plus 1M-Bit Flash) 
208·lead TOFP 
4098 


Digital Video Drive 


AT78C1501 
DVD·RAM Interface Controller Ullra DMA 33MBls 
144·lead TOFP 
1099 


AT78C1502 
DVD·RAM Servo Con1roller 
128-lead TOFP 
4098 


AT78C1503 
DVD·RAM Read Channel 160M-Bits 
54·lead TOFP 
4098 


AT78C1504 
DVD-RAM Laser Power Controller 
48-lead TOFP 
4098 


AT78C1505 
DVD-RAM Read Pre-Amp 
48·lead TOFP 
4098 


High Capacity 
Floppy 


AT78C1201 
Full Custom Mixed Signal + Flash 
128-lead TFP 
t099 


III 
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